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The  annual  report  of  the  Board  of  Regents  of  the  Institution  for  the  year 
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Smithsonian  Institution, 

Washington,  i).  C,  July  i,  1895. 
To  the  Congress  of  tl^e  United  States: 

In  accordance  with  section  5593  of  the  Bevised  JStatutes  of  the 
United  States,  I  have  the  honor,  in  behalf  of  the  Board  of  Begents, 
to  submit  to  Congress  the  annual  report  of  the  operations,  expend- 
itures, and  condition  of  the  Smithsonian  Institution  for  the  year 
ending  June  30, 1895. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  P.  Langley, 
Secretary  of  Smithsonian  Institution. 
Hon.  Adlai  B.  Stevenson, 

President  of  the  Senate, 
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1.  Proceedings  of  the  Board  of  Eegeiits  for  the  session  of  January, 
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EEGENTS  OP  THE  SMITHSONIAN  INSTITUTION. 


By  the  organizing  act  approved  August  10, 1846  (Revised  Statutes, 
Title  LXXIII,  section  6580),  and  amended  March  12, 1894,  "The  busi- 
ness  of  the  Institution  shall  be  conducted  at  the  city  of  Washington 
by  a  Board  of  Regents,  named  the  Regents  of  the  Smithsonian  Insti- 
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19, 1879,  Dec.  26, 1885,  and  Jan.  26, 1892.     Died  Mar.  21, 1895). 
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WILLIAM  PRESTON  JOHNSTON,  of  Louisiana  (appointed  Jan.  26 

1892) Jan.  26, 1898 

Citizens  of  Washington : 

JAMES  C.  WELLING  (appointed  May  13,  1884,  and  May  22,  1890. 
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.JOHN  B.  HENDERSON  (appointed  Jan.  26. 1892) Jan.  26, 1898 

GARDINER  G.  HUBBARD  (appointed  Feb.  27,1895) Feb.  27, 1901 
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THE  SMITHSONIAN  INSTITUTION. 


AiYNTTAL.  Meeting  of  thb  Board  of  Begents. 

January  23,  1895. 

In  aecordance  with  a  resolution  of  the  Board  of  Regents,  adopted 
January  8, 1800,  by  which  its  stated  annual  meeting  occurs  on  the  fourth 
Wednesday  in  January,  the  Boanl  met  today  at  10  o'clock  a.  m. 

Present:  The  Chancellor  (the  Hon.  M.  W.  Fuller)  in  the  chair,  the 
Hon.  J.  S.  Morrill,  the  Hon.  Oeorge  Oray,  the  Hon.  Joseph  Wheeler, 
the  Hon.  B.  B.  Hitt,  Dr.  Henry  Oopp^e,  the  Hon.  J.  B.  Henderson, 
and  the  Secretary,  Mr.  S.  P.  Langley, 

Excuses  for  nonattendance  were  read  from  Dr.  William  Preston 
Johnston,  on  account  of  illness;  from  the  Hon.  S.  M.  Oullom,  on  account 
of  a  domestic  affliction,  and  from  Dr.  Andrew  D.  White,  on  account  of 
absence  in  Eurox>e. 

At  the  Chancellor's  suggestion,  the  Secretary  read  in  abstract  the 
minutes  of  the  last  meeting,  which  were  approved. 

The  Secretary  stated  that  the  term  of  Dr.  Andrew  D.  White  as 
Begent  of  the  Institution  having  expired  on  February  15, 1894,  he  was 
reappointed  by  joint  resolution  of  Congress,  approved  by  the  President 
March  19, 1894. 

The  Secretary  announced  the  death,  on  September  4, 1804,  of  Dr. 
Welling,  chairman  of  the  Executive  Committee. 

On  motion,  the  Chancellor  appointed  Senator  Henderson  and  the 
Secretary  a  committee  to  prepare  suitable  resolutions  expressing  the 
Board's  sense  of  loss,  and  the  committee  presented  the  following: 

Whereas  the  membera  of  the  Board  of  Regents  of  the  SmithsoniAn  Institution 
hftYe  been  caHed  upon  to  monm  the  death  of  their  esteemed  colleague,  the  late 
James  C.  WeUing,  LL.  D.,  president  of  the  Columbian  University,  who  has  long 
been  interested  in  the  welfare  of  the  Institution,  and  who  for  many  years  has  been 
a  Regent  and  chairman  of  its  Executive  Committee, 

Resolved,  That  the  Board  of  Regents  feels  deep  regret  in  the  loss  of  one  whose 
long  and  distinguished  career  of  public  usefulness,  especially  in  the  promotion  of 
institutions  for  higher  education,  commanded  their  respect,  and  whose  pei*sonal 
character  and  unselfish  devotion  to  the  highest  ideals  of  scholarship  and  citizen- 
ship, ifaeir  sincere  admiration. 

Bfolvei^  That  in  the  death  of  President  Welling  tlie  Smithsonian  Institution  has 
soflered  the  irreparable  loss  of  an  earnest  friend,  a  wise  and  judicious  counselor, 
and  one  who  was  preeminently  an  exponent  of  its  time-honored  policy;  and  the 
Board  of  Regents  a  friend  and  associate  whom  they  valued  most  highly. 
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XII   JOURNAL  OF  PROCEEDINGS  OP  tHE  BOARD  OF  REGENTS. 

Besolvedf  That  these  resolutions  be  recorded  in  the  Journal  of  the  Proceedings  of 
the  Board,  and  that  the  Secretary  be  requested  to  send  a  copy  of  them  to  the  family 
of  their  departed  associate  and  friend,  in  token  of  sympathy  in  this  common 
affliction. 

Resolved,  That  the  Secretary  be  requested  to  prepare  a  eulogy  of  President  Welling 
for  insertion  in  the  Journal  of  the  Board  of  Regents. 

Dr.  Gopp^e  said  that  he  had  been  longer  associated  with  Dr. Welling 
than  any  other  member  of  the  Board,  since  1884,  and  particularly  as  a 
member  of  the  Executive  Committee  with  him,  and  as  he  had  for  Dr. 
Welling  a  very  high  esteem,  he  thought  it  proper  to  say  a  word  in  this 
connection.  Dr.  Welling  was  one  of  the  most  valuable  citizens  of 
Washington,  to  whom  was  confided  many  trusts,  among  them  the 
presidency  of  the  Columbian  University,  and  the  chairmanship  of  the 
Executive  Committee  of  this  Institution,  and  he  did  well  everything 
that  was  confided  to  him.  He  was  a  man  pure  in  thought,  honest  in 
purpose  and  action,  and  intelligent  in  judgment.  He  held  a  ready  pen, 
and  how  polished  his  public  utterances  were,  all  here  would  remember 
who  had  heard  him  when  he  presented  papers  and  other  matters  before 
this  Board. 

Dr.  Coppee  added  that  Dr.  Welling  was  cautioned  by  his  friends  that 
he  worked  too  hard,  and  instanced  the  fact  that  at  the  last  meeting 
which  he  attended,  in  May,  he  announced  his  purpose  to  write  a  work 
with  reference  to  his  favorite  subject  of  anthropology,  when  Senator 
Henderson,  now  present,  said  to  him:  "  The  best  thing  that  you  can  do 
is  to  consider  one  individual  of  the  species  of  « anthropos,'  and  very  care- 
fully, at  this  time.  You  are  the  *man ;'  take  care  of  yourself.''  It  was 
a  grave  pleasantry.  It  was  good  counsel,  but  it  came  too  late,  for  Dr. 
Welling  was  injured  by  the  hard  work  that  he  did.  In  him  is  lost 
a  man  who  was  preeminently  excellent  in  counsel,  whether  to  the 
Board  or  in  private,  but  he  would  leave  it  to  the  Secretary  to  speak  of 
him  further. 

Senator  Henderson  spoke  of  his  long  and  intimate  ivcquaintance  with 
Dr.  Welling  and  expressed  his  admiration  for  him  as  a  citizen  and  as 
an  officer  of  the  Institution. 

The  Secretary  then  said : 

I  have  lost  in  Dr.  Welling  a  personal  friend,  but  I  only  have  to  speak  of  him  now 
in  his  relationship  to  this  Institution— an  institution  whose  conservative  character 
has  been  partly  due  to  good  fortune  iu  the  presence  and  advice  of  such  men. 

Dr.  Welling  was  one  who  possessed,  beyond  anyone  else,  what  may  be  called  the 
tra<litions  of  the  Institution;  and  though  these  were  not  of  course  his  exclusive 
property,  in  this  respect,  as  in  others,  his  loss  can  not  be  supplied. 

The  rules  of  conduct  which  have  been  laid  down  by  the  Regents  and  by  the  Sec- 
retaries who  have  administered  them  are  not  so  much  derived  from  a  priori  views 
as  they  are  the  outgrowth  of  accumulated  experience;  and  this  experience,  it  has 
been  thought,  is  in  part,  perhaps,  due  to  the  exceptionally  long  incumbencies  of 
members  of  the  Board  as  compared  with  ordinary  tenures  of  office  here,  and  to 
the  continuity  of  the  knowledge  of  its  activities,  as  illustrated  in  the  case  of  this 
departed  friend. 

James  Clark  Welling,  at  the  time  of  his  death,  September  4,  1894,  was  nearly  70 
years  of  age.     Descended  from  New  Knglaml  colonial  ancestors,  a  native  of  one  of 
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the  Middle  States,*  in  early  manliood  a  teacher  in  the  South,  and  for  nearly  half  a 
century  a  resident  of  the  national  capital,  lie  was  an  American  of  the  noblest  type, 
free  from  sectional  bias,  personifying  the  best  traits  and  tendencies  of  the  nation, 
loyal  to  the  traditions  and  aspirations  of  its  founders. 

He  was  graduated  in  1844  from  the  College  of  New  Jersey,  studied  law,  and  was 
idoLtted  to  the  bar,  but  soon  afterwards  entered  upon  the  profession  of  Journal- 
iam.  He  always  retained,  however,  a  strong  inclination  for  the  study  of  constitu- 
tional and  international  law.  and  of  politics,  and  his  interest  in  public  affairs  was 
greatly  stimulated  by*  his  connection  for  fifteen  years  with  the  most  important  of 
Washington  journals,  at  that  time  national  in  its  influence.  He  became  the  literary 
editor  of  tho  National  Intelligencer  in  1850,  and  was  its  managing  editor  throughout 
the  entire  period  of  the  civil  war.  In  this  capacity  he  had  the  privilege  of  personal 
acquaintance  with  all  our  public  men,  and  confidential  access  to  many  of  them, 
including  Lincoln,  Seward,  and  Stanton. 

In  later  life  his  attention  was  given  chiefly  to  educational  work.  For  a  time 
president  of  St.  John's  College,  Maryland,  and  later  professor  of  belles-lettres  at 
Princeton,  he  was,  in  1870,  recalled  to  Washington  to  become  pre8i4ent  of  the 
Columbian  University,  an  institution  founded  fifty  years  before,  in  the  hope  that  it 
might  fulfill  the  desire  of  Washington,  Barlow,  and  Adams,  that  a  seat  of  liberal 
learning  should  exist  at  the  capital.  Dr.  Welling  was  led  to  accept  this  position  by 
the  urgency  of  the  philanthropist  Corcoran  and  the  advice  of  Henry,  both  of  whom 
were  inflnenced  by  the  hope  of  having  with  them  one  of  the  founders  of  a  national 
university,  and  who  believed  that  a  man  of  Dr.  Welling's  character  would  find  in 
such  a  ]>o6ition  a  wide  field  of  influence. 

His  aspirations  for  the  university  were  never  fully  realized,  owing  to  the  impos- 
sibility of  securing  endowments  from  private  sources  for  a  public  inntitution  located 
so  near  to  the  seat  of  government.  He  nevertheless  secured  a  considerable  addition 
to  its  endowment,  added  new  professional  schools,  greatly  increased  the  numljer  of 
its  faculty  and  students,  removed  the  institution  from  the  suburbs  to  a  new  build- 
ing in  the  heart  of  the  city,  and  accomplished  many  other  things  which  seemed 
really  wonderful  in  view  of  the  smallness  of  the  resources  at  his  command.  The 
dream  of  his  life  was  to  establish  a  school  of  comparative  jurisprudence — the  only 
one  of  its  kind  in  the  world — as  a  branch  of  the  university.  In  1892  he  visited 
Europe,  secured  approval  of  his  plans  from  Sir  Frederick  Pollock  and  other  eminent 
jurists,  and  their  promise  to  come  to  America  to  lecture  as  members  of  the  faculty. 
Failing  health  interfered  with  the  realization  of  his  plan,  which  I  can  but  believe 
he  would  have  otherwise  forced  into  success. 

After  his  resignation  of  the  presidency  in  1893,  he  still  retained  the  chair  of  inter- 
national law  and  the  position  of  dean  of  the  university  law  school,  and,  full  of 
hopefulness,  it  was  his  purpose  to  labor  on  for  his  beloved  project.  He  confidently 
expected  to  live  to  be  80,  and  to  devote  the  remaining  ten  years  of  his  life  to  the 
compilation  of  a  political  history  of  the  civil  war,  a  work  for  which  no  oue  was  so 
well  qualified  by  experience,  knowledge,  and  critical  skill  as  himB<4f.  He  was  a 
representative  man  in  Washington,  identified  with  all  interests  which  tend  toward 
good  eitizenship,  and  held  many  positions  of  puljlic  trust  and  honor.  He  was 
president  of  the  board  of  trustees  of  the  Corcoran  Art  Gallery  and  of  the  American 
Copyright  League,  and  was  appointed  by  President  Harrison  commissioner  to  the 
Columbian  Historical  Exposition  at  Madrid  in  1892.  His  bearing  was  that  of  a 
courteous  gentleman  of  the  old  school.  His  scholarship  was  accurate,  broad,  aud 
genial,  as  was  shown  by  the  critical  reviews  which  he  contribute<l  during  his  later 
years  to  some  of  the  principal  American  journals.  His  favorite  study  in  hours  of 
relaxation  was  that  of  the  sacred  poetry  of  the  early  Christian  Church,  some 
of  which  he  had  translated,  though  not  for  publication. 

In  188-4  he  was  chosen  a  Regent  of  this  Institution  to  succeed  the  Reverend  Dr. 
Parker.     For  ten  years  he  gave  conscientious  attention  to  its  interests,  and  upheld 


*He  was  bom  in  Trenton,  July  14, 1825, 
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in  every  way  those  conseryatiye  and  dignified  traditions  of  which  I  have  already 
spoken  of  him  ao  almost  the  living  embodiment ;  and  while  he  did  this  primarily 
becaose  of  their  harmony  with  his  own  personal  tendencies  and  convictions  as  to 
their  valne,  he  did  so  because  of  his  affection  and  reverence  for  the  first  Secretary, 
Joseph  Henry,  whose  pupil  he  had  been  in  his  youth,  and  with  whom  in  middle  life 
he  maintained  the  relation  of  friend  and  confidant.  After  Henry's  death,  Dr.  Welling 
consented  to  add  to  his  already  bnrdensome  duties  those  of  the  chairman  of  the 
Executive  Committee,  which  he  performed  till  his  own  death,  so  that  he  may  be  said 
to  have  been  a  link  between  the  past  and  present  in  the  history  of  this  Institution, 
though  happily  not  the  only  one,  since  it  has  preserved  others  in  his  contemporaries. 

On  motion,  the  resolutions  were  unanimously  adoxited  by  a  standing 
vote. 

The  Secretary  then  presented  his  printed  annual  report  to  June  30, 
1894,  and  recalled  to  the  Regents  the  fact  that  by  act  of  Congress, 
approved  by  the  President  March  12, 1894,  section  5579  of  the  Revised 
Statutes  was  amended  to  read  as  follows : 

That  the  President,  the  Vice-President,  the  Chief  Justice,  and  the  heads  of  Execa- 
tive  Departments  are  hereby  constituted  an  establishment  by  the  name  of  the 
Smithsonian  Institution  for  the  increase  and  diffusion  of  knowledge  among  men, 
and  by  that  name  shall  be  known  and  have  perpetual  succession,  with  the  powers, 
limitations,  and  restrictions  hereinafter  contained,  and  no  other. 

As  now  organized,  the  Smithsonian  Establishment  consists  of  the 
following  ex  officio  members: 

Grover  Cleveland,  President  of  the  United  States. 

Adlai  E.  Stevenson,  Vice-President  of  the  United  States. 

Melville  W.  Fuller,  Chief  Justice  of  the  United  States. 

Walter  Q.  Gresham,  Secretary  of  State. 

John  G.  Carlisle,  Secretary  of  the  Treasury. 

Daniel  S.  Lamont,  Secretary  of  War. 

Richard  OiJ<fEY,  Attorney-General. 

Wilson  S.  Bissell,  Poatmador-GeiMcml. 

Hilary  A*  Hxumrr,  Secretary  of  the  Navy. 

Hokr  Smith,  Secretary  of  the  Interior. 

J.  Sterling  Morton,  Secretary  of  Agriculture. 

By  the  same  act  section  5591  was  amended  as  follows: 

The  Secretary  of  the  Treasury  is  authorized  and  directed  to  receive  into  the 
Treasury,  on  the  same  terms  as  the  original  bequest  of  James  Smithson,  such  sams 
as  the  Regents  may,  from  time  to  time,  see  fit  to  deposit,  not  exceeding,  with  the 
original  bequest,  the  sum  of  $1,000,000. 

Provided,  That  this  shall  not  operate  as  a  limitation  on  the  power  of  the  Smith- 
sonian Institution  to  receive  money  or  other  property  by  gift,  bequest,  or  devise, 
and  to  hold  and  dispose  of  the  same  in  promotion  of  the  purposes  thereof. 

The  Secretary  added  that  what  he  had  otherwise  said  in  the  report 
before  the  Board  might  almost  be  summarized  in  the  statement  that 
the  past  year  had  been,  in  many  respects,  perhaps  the  busiest  that  the 
Institution  had  ever  known;  and  this  both  in  the  field  of  its  ordinary 
activities  and  in  new  ones. 

The  progress  of  the  Museum  had  been  very  considerable,  the  collec- 
tions were  never  in  better  condition,  and  the  contributions  to  science 
derived  from  their  study  had  been  of  more  than  usual  extent  and  value. 
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e  bmldiugg  had  been  visited  by  200,000  persons  during  the  past 
lear,  and  a  very  large  number  of  specimens,  accurately  named  and 
labeled,  have  been  sent  out  to  other  museums  and  institutions  through- 
out the  United  States.  It  should  be  said,  however,  that  those  who  are 
interested  in  the  Museum  see  with  a  feeling  of  real  distress  that,  with 
all  that  it  is  doing,  it  is  comi)elled  to  come  short  of  its  functions  as  a 
i  national  institution,  from  the  fact  that  such  large  collections  of  material 
gathered  on  the  North  ^American  continent  are  being  carried  abroad 
for  the  want  of  means  to  retain  them  at  home,  and  that  desirable  col- 
i  lections  in  every  other  field  are  constantly  slipping  out  of  our  grasp. 
European  museums  have  spent  during  the  last  year  hundreds  of 
i  thonsauds  of  dollars  in  availing  themselves  of  the  fast  diminishing 
opportanities  for  making  collections  of  material  objects  representing 
the  work  of  the  primitive  races  of  this  continent,  while  the  entire  sum 
of  money  available  here  for  this  purpose  has  been  $3,725.  Notwith- 
standing the  great  opportunities  offered  at  the  close  of  the  Chicago 
Exposition,  within  the  past  year  the  new  Field  Columbian  Museum 
had  expended  probably  more  than  $500,000  in  the  purchase  of  collec- 
tions, and  the  American  Museum  of  Natural  History  in  New  York  not 
less  than  $100,000. 

The  Secretary  went  on  to  say  that  he  need  hardly  recall  that  the 
Zoological  Park,  as  originally  sanctioned  by  the  Regents,  was  a  national 
and  not  a  local  measure.  It  was  to  be  a  great  preserve  of  certain  animal 
races  of  the  continent — like,  for  instance,  the  buffalo — and  was  to  do 
work  which,  for  reasons  already  explained,  the  great  national  parks  of 
the  West  could  not  do  so  well.  This  was  to  be  its  primary  function,  and 
recreation  a  subordinate  one.  Indirectly,  if  not  through  formal  legisla- 
tion, the  direction  in  which  the  park  is  tending  is  more  that  of  the 
ordinary  zoological  garden,  where  entertainment  is  a  principal  feature, 
than  in  that  of  the  primary  object.  In  spite  of  this  the  park  has  x)re- 
served,  as  far  as  it  can,  the  lines  of  the  original  purpose.  The  buffalo, 
for  example,  are  breeding  in  captivity  in  a  way  only  possible  in  such 
paddocks  as  can  be  provided  in  this  large  reserve,  while  others  of  the 
great  races  are  being  sheltered,  and  the  park  is,  though  in  a  limited 
measure,  filling  its  place  as  a  city  of  refuge  for  these  vanishing  animal 
peoples.  The  Regents  will  be  glad  to  know  that  a  secondary  legitimate 
object  of  the  gardens  is  being  most  amply  filled,  for,  to  use  a  common 
expression,  it  is  becoming  like  ^^  the  lungs  of  the  city,"  since,  from  its 
position,  it  is  accessible  to  the  poor  as  well  as  to  the  rich,  and  is  for  the 
health  and  recreation  of  every  citizen  ]  and  he  would  mention  in  striking 
evidence  of  the  public  appreciation  of  this  most  important  feature,  and 
as  an  evidence  that  the  Regents'  large  intent  has  not  wholly  failed  of 
its  purpose,  that  the  park,  even  in  its  inchoate  condition,  has  been 
visited  by  as  many  as  30,000  people  in  a  single  day. 

The  Secretary  continued  that  the  work  of  the  Bureau  of  Ethnology 
lies  largely  iu  collecting  and  preserving  material  for  the  study  of  the 
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langaages  of  the  Indian  tribes  of  the  continent,  upon  which  all  con- 
clusions as  to  their  origin  and  relationship  so  closely  depend;  and  in 
that  respect  the  Bureau  had  done  its  usual  valuable  service.  He  had 
authorized  the  sending  out,  on  its  own  account,  minor  expeditions  for 
collecting  records  of  the  vanishing  aboriginal  races  and  for  the  study 
of  the  peculiar  customs  among  the  last  of  the  really  savage  tribes  of  our 
borders,  and  important  results  had  been  obtained,  such,  for  instance, 
as  in  a  recent  expedition  to  the  home  of  the  Papagos  and  Seri  Indians. 

The  Secretary  called  the  attention  of  the  Regents  to  the  growing 
activities  and  consequent  increased  labor  in  the  Bureau  of  Interna- 
tional Exchanges.  There  are  something  like  24,000  correspondents 
scatterec  over  the  world,  and  its  usefulness  has  never  been  greater. 
These  correspondents  are  partly  indicated  on  the  map  inserted  in  the 
report,  which  strikingly  shows  their  world-wide  distribution,  where  it 
will  be  noticed  that  the  occurrence  of  tbe  red  dots  is  about  propor- 
tional to  the  spread  of  civilization,  and  where  a  glance  shows  that  a 
comparison  of  Spain  and  France,  of  China  and  Japan,  in  education, 
may  be  inferred  from  their  relationships  to  the  Institution  alone. 

In  regard  to  the  Astrophysical  Observatory,  the  Secretary  remarked 
that  he  had  said  less  because  it  was  something  in  which  he  had  a  strong 
personal  interest,  and  perhaps  a  personal  bias;  but  under  this  correc- 
tion he  might  observe  that  there  was  probably  no  other  such  observa- 
tory in  the  world  for  just  this  purpose,  or  one  whose  work  has  had  more 
gratifying  recognition  from  all  specialists  in  its  own  subject  than  this 
has  in  the  last  year. 

He  further  said  that  he  had  left  to  the  last  the  mention  of  the  affairs 
of  the  parent  Institution,  and  he  desired  at  present  to  repeat  that  all 
the  activities  which  had  just  been  mentioned,  and  which  were  now 
supported  by  Government  appropriations,  were  really  carried  on  in 
part  by  the  Smithsonian  fund,  for  there  was  no  appropriation  to  meet 
the  general  exi)enses  of  the  Secretary's  office,  incident  to  the  admin- 
istration of  the  different  Government  appropriations  with  which  the 
Institution  was  charged.  He  referred  not  only  to  the  minor  matters 
of  clerical  and  messenger  service,  but  to  the  responsibilities  connected 
with  the  disbursement  of  Government  funds  and  to  the  increasing 
burden  of  general  administrative  work  that  can  not  be  delegated  by 
the  Secretary  to  an  ordinary  clerk,  but  emails  for  a  much  higher  order 
of  ability,  and  necessarily  also  for  more  liberal  compensation.  These 
expenses  should  not  be  borne  by  the  Smithsonian  fund,  as  they  were, 
to  a  large  extent,  at  present;  nor  were  they  properly  chargeable  to  any 
one  of  the  Government  appropriations,  but  they  were  common  to  them 
all. 

In  connection  with  the  Hodgkins  fund,  the  Secretary  said  that  he 
had  already  called  the  attention  pf  the  Regents  to  the  fact  that,  in 
accordance  with  the  wishes  of  Mr.  Hodgkins,  he  had  submitted  to  him 
before  his  death  a  plan  for  expending  the  income  of  the  first  two  years 
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of  the  Hodgkins  bequest  largely  in  prizes  of  cousiderable  auiouuts, 
which  were  intended  to  draw  attention  to  the  subject.  He  had  also 
placed  before  the  Begents  a  portion  of  tbe  circulars  which  were  sent 
all  over  the  civilized  world,  on  the  part  of  the  Institution,  to  this  end, 
and  he  had  taken  occasion  in  the  same  connection  to  send  a  description 
of  the  Institution,  written  in  various  languages,  which  bad  been  pre- 
pared after  consultation  with  one  of  the  Regents,  and  which  some  of 
them  might  care  to  see. 

The  result  of  this  work  had  been  the  presentation  of  more  than  two 
hundred  competitive  works  for  the  prizes,  some  of  them  from  the  most 
eminent  men  of  science  in  Europe  and  America,  and  some  from  names 
comparatively  unknown;  and  a  committee — whose  active  members  are 
Dr.  G.  Brown  Goode,  Assistant  Secretary  of  this  Institution,  Deputy 
Surg.  Gen.  John  S.  Billings,  U.  S.  A.,  and  Prof.  Mark  W.  Harrington, 
Chief  of  the  Weather  Bureau — ^was  engaged  in  examining  them. 

It  was  expected  that  the  European  committee  would  be  composed  of 
Professors  Huxley,  Janssen,  and  Helmholtz,  who  had  kindly  consented 
to  serve,  but  the  death  of  the  last-named  eminent  man  of  science  has 
temporarily  deferred  its  formation. 

The  Secretary  added  that  he  was  not  yet  prepared  to  advise  the 
Begentfi  of  the  result  of  these  comi)etitions,  furtber  than  to  say  that, 
incidentally  to  their  main  object,  they  had  probably  brought  the  work 
of  the  Institution  before  not  only  European  men  of  science,  but  the 
world  of  action,  as  well  as  of  study,  more  completely  than  any  incident 
which  had  occurred  at  any  time  in  its  history.  This  interest  was  slow 
in  awakening,  but  afterwards  grew  rapidly,  so  that  the  time  for  receiv- 
ing the  essays  was  extended  to  the  close  of  1894. 

The  Secretary  considered  that  the  system  of  prizes  had  now  com- 
pleted its  best  work  in  calling  attention  to  the  Institution  and  tbe  fund 
it  administered,  as  well  as  to  its  fitness  as  an  administrator  of  other 
trusts  of  this  character. 

The  Secretary  continued  that  he  had  already  advised  tlie  Regents 
that  a  bequest  had  been  made  to  the  Institution  by  a  resident  of  Wash- 
ington,  Mr.  Robert  Stanton  Avery,  whose  extremely  feeble  health  at 
tbe  time  of  the  last  Board  meeting  did  not  give  hope  tbat  he  would 
survive  the  year.  Mr.  Avery  died  on  September  12, 1894.  Owing  to 
tbe  general  &11  in  prices,  tbe  amount  coming  from  tbe  estate  is  likely 
to  be  very.much  smaller  than  the  testator  supposed  he  was  giving. 

On  motion,  the  report  of  tbe  Secretary  was  accepted. 

Dr.  Copp^e  then  said  that  by  reason  of  the  death  of  the  chairman  of 
the  Executive  Committee,  it  devolved  upon  him  to  present  the  report 
of  that  committee  for  the  fiscal  year  ending  June  30,  1894,  which  he 
did  in  printed  form,  and,  on  motion,  tbe  report  was  adopted, 
Sm95 n 
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Dr.  Oopp^e  then  introduced  the  following  resolution,  which  was 
adopted : 

Beaolvedf  That  the  income  of  the  Institution  for  the  fiscal  year  ending  J  une  30, 
1896,  be  appropriated  for  the  service  of  the  Institution,  to  he  expended  by  the  Secre- 
tary, with  the  advice  of  the  Executive  Committee,  with  full  discretion  on  the  part 
of  the  Secretary  as  to  items. 

The  Secretary  stated  that  in  1874  the  Institution  received  $1,000 
from  the  estate  of  James  Hamilton,  esq.,  of  Carlisle,  Pa.,  bequeathed 
in  the  following  clause  of  his  will: 

I  give  $1,000  to  the  Hoard  of  Regents  of  the  Smithsonian  Institution,  located  at 
Washington,  D.  C,  to  be  invested  by  said  Regents  in  some  safe  fund,  and  the  inter- 
est to  be  appropriated  biennially  by  the  Secretaries,  either  in  money  or  a  medal,  for 
such  contribution,  paper,  or  lecture  on  any  scientific  or  nseful  subject  as  said  Secre- 
taries may  approve. 

Under  resolution  of  the  Eegents,  the  bequest  was  dex)osited  in  the 
Treasury  on  the  same  terms  as  the  original  Smithsonian  bequest.  In 
administering  the  trust  the  income  has  thus  far  been  only  partially 
used,  the  annual  interest  not  being  yet  sufQcient  to  bear  the  expense 
attendant  on  the  designing  and  striking  of  a  proper  medal.  The 
accrued  interest  on  the  fund  having  reached  a  sum  more  than  equal 
to  the  original  bequest,  $1,000  of  this  interest  might  now  be  added  to 
the  principal,  thus  bringing  the  iund  to  $2,000,  the  interest  on  which 
would  more  properly  carry  out  the  purposes  of  the  testator.  The 
authority  of  the  Eegents  was  therefore  requested  for  thus  increasing 
-the  original  bequest  and  for  treating  the  $2,000  thereby  created  as  the 
limit  of  a  permanent  fund  to  be  called  by  the  name  of  the  donor,  the 
interest  to  be  administered  under  the  terms  of  the  resolution  relative 
to  income  and  expenditure. 

Senator  Henderson  offered  the  following  resolutions,  explaining  that 
their  purpose  was  to  add  $1,000  of  the  $1,200  which  had  accumulated 
to  the  original  bequest,  which  would  make  a  fund  of  $2,000  and  leave 
a  balance  of  interest  to  its  credit  of  $200 : 

Resolved,  That  the  Secretary  is  hereby  authorized  to  add  to  the  bequest  of  $1,000 
received  from  James  Hamilton  the  accrued  interest  upon  the  said  bequest  to  the 
amount  of  $1,000  and  no  more,  the  same  to  be  deposited  in  the  Treasury  of  the  United 
States  under  the  terms  of  section  5591  of  the  Revised  Statutes. 

Resolved y  That  the  fund  of  $2,000  thus  created  be  known  as  the  '^  Hamilton  fund/' 
and  that  the  income  from  this  fund  be  administered  by  the  Secretary  under  the  terms 
of  the  resolution  relative  to  income  and  expenditure. 

On  motion,  the  resolutions  were  adopted. 

There  being  no  further  business  to  come  before  the  Board,  on  motion, 
it  adjourned. 


REPORT  OF  THE  EXECUTIVE  COMMIHEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION 

Fob  the  Year  Ending  June  30,  1896. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Your  Executive  Committee  respectfully  submits  the  following  reiwrt 
in  relation  to  the  funds  of  the  Institution,  the  appropriations  by  Con- 
gress, and  the  receipts  and  expenditures  for  the  Smithsonian  Institu- 
tion, the  U.  S.  National  Museum,  the  International  Exchanges,  the 
Bureau  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
physical  Observatory  for  the  year  ending  June  30, 1895,  and  balances 
of  former  yeai'S : 

SMITHSONIAN  INSTITUTION. 

Condition  of  the  fund  July  i,  1S95. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the 
Treasury  of  the  United  States,  according  to  act  of  Congress  of  August 
10, 1846,  was  $515,169.  To  this  was  added  by  authority  of  Congress, 
February  8, 1867,  the  residuary  legacy  of  Smithson  and  savings  from 
income  and  other  sources,  to  the  amount  of  $134,831. 

To  this  also  have  been  added  a  bequest  from  James  Hamilton,  of 
Pennsylvania,  of  $1,000;  a  bequest  of  Dr.  Simeon  Habel,  of  Xew  York, 
of  $500;  the  proceeds  of  the  sale  of  Virginia  bonds,  $51,500;  a  gift 
from  Thomas  G.  Hodgkins,  of  New  York,  of  $200,000,  and  $8,000, 
being  a  portion  of  the  residuary  legacy  of  Thomas  G.  Hodgkins,  and 
$1,000,  the  accumulated  interest  on  the  Hamilton  bequest,  making  in 
all,  as  the  permanent  fund,  $912,000. 

The  Institution  also  holds  the  additional  sum  of  $42,000,  received 
upon  the  death  of  Thomas  G.  Hodgkins,  in  registered  West  Shore 
Railroad  4  i)er  cent  bonds,  which  were,  by  order  of  this  committee, 
under  date  of  May  18, 1894,  placed  in  the  hands  of  the  Secretary  of 
the  Institution,  to  be  held  by  him  subject  to  the  conditions  of  said 
order. 
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Statement  of  the  receipts  and  expenditures  from  July  1,  1894,  to  June  30,  1805. 

KECEIPTS. 

CaBh  on  hand  July  1,  1894 $59,598.50 

Intorest  on  fund  July  1,  1894 $27,143.92 

Interest  on  fund  January  1, 1895 27,330.00 

54,473.92 

Interest  to  January  1,  1895,  on  West  Shore  bonds 1, 680. 00 

$115, 752. 42 

Cash  from  sales  of  publications 254. 59 

Cash  from  repayments,  freight,  etc 5, 819. 79 

6, 074. 38 

Total  receipts 121,826.80 

EXPENDITURES. 

Building: 

Repairs,  care,  and  improvements $5, 715. 50 

Furniture  and  fixtures 518. 05 

$6,233.55 

General  expenses: 

Meetings 192.25 

Postage  and  telegraph 394. 38 

Stationery 819.97 

General  printing 1, 527. 90 

Incidentals  (fuel,  gas,  etc. ) 4, 653. 72 

Library  (books,  periodicals) 2, 177. 88 

Salaries' 20,622.75 

Gallery  of  art 1,246.10 

31,634.95 

Publications  and  researches : 

Smithsonian  contributions 834. 80 

Miscellaneous  collections 5, 165. 71 

Reports 638.78 

Researches 6,071.60 

Apparatus 315. 13 

Museum 331.40 

Hodgkinsfund 1,806.52 

Explorations 700.  00 

15,863.94 

Literary  and  scientitio  exchanges 4, 092. 62 

Increase  of  fund 1, 000. 00 

58, 825. 06 

Balance  unexpended  June  30,  1895 63, 001. 74 

The  cash  received  from  the  «ale  of  publications,  from  repayments  for 
freights,  etc.,  is  to  be  credited  to  the  items  of  expenditure,  as  follows: 

Smithsonian  contributions $95. 44 

Miscellaneous  collections 157. 67 

Reports 1. 48 

$254.59 

Researches 9. 43 

Museum 131. 40 

Exchanges 5, 660. 88 

Stationery..., 2.00 

Incidentals 11. 96 

Postage 4.12 

6, 074. 38 

^ • 

>  In  addition  to  the  above,  $20,622.75,  paid  for  salaries  under  general  expenses, 
$9,.357.88  was  jmid  for  services,  viz,  $2,059.34  charjijed  to  bnildiug  account,  $1,142.45 
to  llodgkins  fund  account,  $700.08  to  library  account,  and  $5,456.01  to  researches 
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The  net  expenditures  of  the  Institution  for  the  year  ending  June  30, 
1895,  were  therefore  $52,750.68,  or  $6,074.38  less  than  the  gross  expendi- 
tures, $58,825.06,  as  above  stated. 

All  moneys  received  by  the  Smithsonian  Institution  from  interest 
sales,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  are 
deposited  with  the  Treasurer  of  the  United  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  checks 
on  the  Treasurer  of  the  United  States, 

Your  committee  also  presents  the  following  statements  in  regard  to 
appropriations  and  expenditures  for  objects  intrusted  by  Congress 
to  the  care  of  the  Smithsonian  Institution : 

nn'ERNATIONAL  EXCHANGES. 

Beceipts. 

Appropriated  by  Congress  for  the  fiscal  year  ending  Juno  30, 1895,  "For 
expenses  of  the  system  of  international  exchanges  between  the  United 
States  and  foreign  countries,  ander  the  direction  of  the  Smithsonian 
Institntion,  including  salaries  or  compensation  of  all  necessary  em- 
ployees" (sundry  civil  act,  August  18, 1894) $17, 000. 00 

ExpeHditure9  from  July  i,  1894,  to  June  30, 1895. 

Salaries  or  compensation : 

1  curator,  12  months,  at  $225 2,700.00 

1  clerk,  12  months,  at  $120 1, 440. 00 

1  clerk,  12  months,  at  $160 1,920.00 

1  clerk,  12  months,  at  $75 900.00 

1  clerk,  12  months,  at  $75 900. 00 

1  clerk,  12  months,  at  $85 1, 020. 00 

1  clerk,  12  months,  at  $80 960.00 

1  clerk,  12  months,  at  $65 780.00 

1  clerk,  10  months  22  days,  at  $45 481. 93 

1  clerk,  2  months  6  days,  at $50, 1  copyist,  87  days,  at $1.50. .  240. 18 

1  clerk,  1  month  12  days,  at  $60 83.23 

1  packer,  12  months,  at  $50 600.00 

1  laborer,  313  days,  at  $1.50 469. 50 

1  agent,  12  months,  at  $50 600.00 

1  agent,  6  months,  at  $83.33^ 500.00 

Total  salaries  or  compensation 13, 594. 84 

General  exjienses : 

Freight $1,849.91 

Packing  boxes 791.28 

Printing 31.60 

Postage 260.00 

Stationery  and  supplies 470. 36 

3,403.15 

16,997.99 

Bahince  July  1,  1895 2.01 

INTERNATIONAL  EXCHANGES,  1894. 

Balance  as  per  last  report,  July  1,  1894 $25.42 

Expenditures  to  June  30,  1895, 
Fivight $^'^>'  32 

Balaaco -l^ 
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INTERNATIONAL  EXCHANGES,  1883. 

Balance  as  per  last  report,  July  1,  1894 $0. 44 

Balauce  carried,  nuder  the  provisions  of  the  Revised  Statutes,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund,  June  30,  1895^ 

NORTH  AMERICAN  ETHNOLOGY. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1895,  "For 
continuing  ethnological  researches  among  the  American  Indians,  under 
the  direction  of  the  Smithsonian  Institution,  including  salaries  or  com- 
pensation of  necessary  employees,  $40,000,  of  which  sum  not  exceeding 
$1,000  may  be  used  for  rent  of  building"  (sundry  civil  act,  August  18, 
1894) $40,000.00 

Balance  July  1,  1894,  as  per  last  report 5, 253. 78 

Total 45,253.78 

The  actual  conduct  of  these  Investigations  has  been  continued  by  the  Secretary  in 
the  hands  of  Maj.  J.  W.  Powell,  Director  of  the  Bureau  of  Ethnology. 

Expenditures  July  1,  1894,  to  June  SO,  1895, 


Salaries  or  compensation : 

1  Director,  12  months,  at  $375 

1  ethnologist    in  charge,  1    month,  at   $275;   3   months,  at  $250;   8 

months,  at  $262.50 

1  ethnologist,  1  month,  at  $250;  2  months  24  days,  at  $166.66 

1  special  ethnologist,  7  days,  at  $200  per  month 

1  ethnologist,  1  month,  at  $200 ;  10  months,  at  $166.66 

1  ethnologist,  2  months  4  days,  at  $166.66;  5  months,  at  $141.66 

1  ethnologist,  1  month,  at  $150;    3  months,  at    $125;    8  months,  at 

$137.50 

1  ethnologist,  1  month,  at  $150 ;  11  months,  at  $125 

1  ethnologist,  1  month,  at  $150 ;  11  months,  at  $125 

1  ethnologist,  1  month,  at  $133.33 ;  11  months,  at  $110 

1  ethnologist,  1  month,  at  $110 ;  11  months,  at  $125 

1  ethnologist,  12  months,  at  $100 

1  archsBologist,  10  months  at  $133. 33 

1  assistant  archseologist,  10  months  15  days,  at  $100 

1  stenographer,  1  month,  at  $133. 33;  1  ethnologist,  3  months,  at  $125; 

8  months,  at  $133. 33 

1  clerk,  3  months,  at  $100 

1  clerk,  1  month,  at  $100;  11  months,  at  $83.33 

1  clerk,  1  month,  at  $100;  6  months,  at  $75 

1  clerk,  1  month,  at  $100;  10  months  20  days,  at  $75 

1  clerk,  11  months,  at  $75 

1  clerk,  1  month,  at  $75 ;  3  months,  at  $70 

1  olerk,  1  month  22  days,  at  $75 

1  clerk,  1  month,  at  $60 ;  2  months  49^  days,  at  $50 

1  copyist,  1  month,  at  $70 ;  1 1  months,  at  $60 

1  copyist,  3  months,  at  $40 

1  messenger,  11  months,  at  $50 

1  messenger,  1  month,  at  $50 ;  11  months,  at  $45 

1  laborer,  2  months  15  days,  at  $40 

1  skilled  laborer,  1  month,  at  $40 ;  11  months,  at  $35 

1  modeler,  2  months,  at  $60 


$4,500.00 

3, 125. 00 

712.34 

45.16 

1,866.60 

1, 065. 42 

1, 625. 00 
1, 525. 00 
1, 525. 00 
1, 343. 33 
1,485.00 
1,200.00 
1,333.30 
1,050.00 

1,574.97 
300.00 

1, 016. 63 
550.00 
900.00 
825.00 
285.00 
133.93 

'  241. 12 
730.00 
120.00 
550.00 
545.00 
100.00 
425.  M 
120.00 


Total  salaries  or  compensation •• •• 90,817.80 
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MiscellaDeons: 

Drawings $449.40 

Freight 357.13 

Mwcellaneons 372.27 

Office  furniture 328.37 

Office  rental 999.96 

Publications 604.85 

Specimens 504. 37 

Stationery 311.08 

Supplies 979.99 

TraTel  and  field  expenses 3, 848. 41 

— $8,  755. 83 

39, 573. 63 

Balance  July  1, 1895 5,680.15 

NATIONAL  MUSEUM. 

Pbeservation  of  Collections,  July  1,  1894,  to  Junk  30, 1895. 

Receipts, 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1895,  ''For 
continuing  the  preservation,  exhibition,  and  increase  of  the  collec- 
tions from  the  surreying  and  exploring  expeditions  of  the  Govem- 
ment,  and  from  other  sources,  including  salaries  or  compensation  of 
all  necessary  employees  "  (sundry  civil  act,  August  18,  1894) $143, 000. 00 


Expenditures. 
Salaries  or  compensation : 

DIRBCTION. 

1  Assistant  Secretary  of  the  Smithsonian  Institution,  in  charge,  12 

months,  at  $333.33 $3,999.96 

BClSXTmC  8TArK. 

1  executive  curator,  10  months,  at  $22.5,  $2,250;  15  days,  at  $225, 

$108.87 2,358.87 

1  curator,  12  months,  at$200 2,400.00 

1  curator,  12  months,  at  $200 2,400.00 

1  curator,  12  months,  at  $200 2,400.00 

1  curator,  12  months,  at  $175 2,100.00 

1  curator,  5  months,  at  $175 875. 00 

1  curator,  11  months,  at  $140 1,540.00 

1  curator,  8  months,  at  $100 800.00 

1  assistant  curator,  12  months,  at  $166.66 1,999.92 

1  assistant  curator,  12  months,  at  $150 1, 800. 00 

i  assistant  curator,  12  months,  at  $133.33 1,599.96 

1  assistant  curator,  12  months,  at  $125 1, 500. 00 

1  assistant  curator,  9  months,  at  $125 1, 125. 00 

1  assistant  curator,  5  days,  at  $120 19. 35 

1  assistant  curator,  12  months,  at  $100 1,200.00 

1  assistant  curator,  4  months,  at  $70,  $280;  8  months,  at  $80,  $640..  920. 00 

1  osteologist,  12month8,  at$90 1,080.00 

1  collector,  1  month,  at  $60;  16  days,  at  $60,  $30.97 90.97 

1  assistant,  12  months,  at  $75 900. 00 

1  aid,  12  months,  at  $100 1,200.00 

1  aid,  12  months,  at  $80 960.00 
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1  aid,  12  months,  at  $50 $600.00 

1  aid,  3  months,  at  $40 120.00 

1  aid,  8  months,  at  $40,  $320;  3  months,  at  $30,  $90;  i)  days,  at  $30, 

$8.71 418.71 

PRKPARATORS. 

photographer,  12  months,  at  $158.33 1, 899. 96 

artist,  12  months,  at  $110 1,320.00 

preparator,  7  months,  at  $90,  $630 ;  24  days,  at  $90,  $72 702. 00 

preparator,  12  months,  at  $80 960. 00 

preparator,  12  months,  at  $80 960  00 

preparator,  12  months,  at  $80 960. 00 

preparator,  11  months,  at  $60,  $660 ;  1  month,  at  $62,  $62 722. 00 

preparator,  4  months,  at  $60 240. 00 

preparator,  7  months,  at  $50,  $350 ;  5  days,  at  $50, 8.33 358. 33 

taxidermist,  9  months,  at  $100,  $900;  15  days,  at  $100,  $48.39;  24 

days,  at  $100,  $77.42 1,025.81 

taxidermist,  12  months,  at  $100 1,200.00 

taxidermist,  12  mouths,  at  $90 1, 080. 00 

taxidermist,  9  months,  at  $75,  $675;  12^  days,  at  $75,  $30.24;  23^ 

days,  at  $75,  $58.75 ;  21  days,  at  $75,  $50.81 814. 80 

taxidermist,  12  months,  at  $60 720.00 

CUBBICAL  HTAFT. 

chief  clerk,  4  months,  at  $187.50,  $750 ;  8  months,  at  $200,  $1,600 ....  2, 350. 00 

editor,  12  months,  at  $187.50 2,250.00 

chief  of  division,  5  months,  at  $180,  $900;   7  months,  at  $200, 

$1,400 2,300.00 

registrar,  12  months,  at  $158.33 1, 899.96 

diahnrsing  clerk,  7  months,  at  $100,  $700;  5  months,  at  $116.66, 

$583.30 1,283.30 

assistant  librarian,  4  months,  at  $100,  $400 ;  8  months,  at  $110, 

$880 1,280.00 

stenographer,  7  months,  at  $85,  $595 ;  5  months,  at  $110,  $550 1, 145. 00 

stenographer,  1  month,  at  $60,  $60 ;  21  days,  at  $60,  $42 102. 00 

stenographer,  12^  days,  at  $60 24. 19 

stenographer,  12  months,  at  $50 600. 00 

stenographer,  2  days,  at  $50 3. 33 

stenographer,  6  months,  at  $45,  $270 ,  11  days,  at  $45,  $15.97 285. 97 

typewriter,  12  months',  at  $50 600. 00 

typewriter,  207  days,  at  $1.50,  $310.50;  11  days,  at  $1.25,  $13.75 324.25 

clerk,  3  months,  at  $125,  $375;  8  months,  at  $80,  $640;  25  days,  at 

$80,  $66.57 1,081.67 

clerk,  12  months,  at  $115 1, 380. 00 

clerk,  12  months,  at  $115 1, 380. 00 

clerk,  12  months,  at  $100 '...  1,200.00 

clerk,  12  months,  at  $  1 00 1, 200. 00 

clerk,  4  months,  at  $90,  $360 ;  8  months,  at  $100,  $8()0 1, 160. 00 

clerk,  3  months,  at  $100,  $300;  22  days,  at  $100,  $73.33;  15  days,  at 

$100,  $50;  15  days,  at  $100,  $50 473.33 

clerk,  7  months,  at  $90,  $630;  1  month,  at  $100 730.00 

clerk,  12  months,  at  $90 1,080.00 

clerk,  9  months,  at  $75,  $675 ;  3  months,  at  $90,  $270 945. 00 

clerk,  12  months,  at  $83.33 999.96 

clerk,  1  month,  at  $80 80. 00 
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clerk,  1  month,  at  $75;  10  days,  at  $75,  $24.19 $99. 19 

clerk,  12  months,  at  $70 840.00 

clerky  12  months,  at  $60 720.00 

clerk,  12  mouths,  at  $60 720.00 

clerk,  5  months,  at  $60 300.00 

clerk,  4  months,  at  $60 ', 240.00 

clerk,  19  days,  at  $60,  $38;  8  days,  at  $60,  $15.48 63.48 

clerk, 4  months,  at  $50,  $200;  8  months,  at $60, $480 680.00 

clerk,  12  months,  at  $55 660.00 

clerk,  12  months,  at  $65 660.00 

clerk,  12  months,  at  $55 660.00 

clerky  12  months,  at  $50 600.00 

clerk,  12  inonths,  at  $50 600.00 

clerk,  8  months,  at  $50 400. 00 

clerk,  12  months,  at  $55 660. 00 

clerk,  12  months,  at  $50 600.00 

clerk,  8  months,  at  $50,  $400;  16  days,  at  $50,  $25.81;  14  days,  at 

160,  $22.58 448.39 

copyist,  12  months,  at  $45 540.00 

copyist,  12  months,  at  $40 480.00 

copyist,  12  months,  at  $40 480.00 

copyist,  12  months,  at  $40 480.00 

copyist,  12  montfaa,  at  $40 480.00 

copyist,  12  months,  at  $40 480.00 

copyist,  7  months,  at  $40 280.00 

copyist,  4  months,  at  $30,  $120;  1  month,  at  $40,  $40;  15  days,  at 

$40,  $19.35 179.36 

copyist,  12  months,  at  $35 420.00 

copyist,  12  months,  at  $35 420.00 

copyist,  12  months,  at  $35 420.00 

copyist,  4months,  at  $20,  $80;  8  months,  at  $35,  $280 360.00 

copyist,  12  months,  at  $30 360.00 

copyist,  12  months,  at  $30 360.00 

BUILDCfOS  AND  LABOR. 

superintendent  of  building,  12  momths,  at  $137.50 1, 650. 00 

assistant  superintendent  of  building,  12  months,  at  $100 1, 200. 00 

foreman,  12  months,  at  $50 600.00 

chief  of  watch,  12  months,  at  Jfa5 780.00 

chief  of  watch,  12  months,  at  $65 780.00 

watchman,  12  months,  at  $65 780.00 

watchman,  12  months,  at  $50 600.00 

watchman,  12  months,  at  $50 600. 00 

watchman,  12  months,  at  $50 600.00 

watchman,  12  months,  at  $60 600.00 

watchman,  12  months,  at  $50 600. 00 

watchman,  12  months,  at  $50 600. 00 

watchman,  12  months,  at  $50 600. 00 

watchman,  12  months,  at  $50 600. 00 

watchman,  12  months,  at  $50 600. 00 

watchman,  12  months,  at  $50 600. 00 

watchman,  11  months,  at  $50,  $650 ;  28  days,  at  $50,  $46.67 596. 67 

watchman,  3  months,  at  $50,  $150;  21  days,  at  $50,  $33.87;  23  days, 

at  $50,  $38.33;  12  days,  at  $50,  $19.35 241.55 

watchman,  3  months,  at  $60 150.00 

watehman,  2  months^  at  $50 100.00 
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watchman,  1  month,  at  $50,  $50;  15  days,  at  $50,  $24.19 $74. 19 

watchman,  12  months,  at  $45 540. 00 

watchman,  12  months,  at  $45 540.00 

watchman,  12  months,  at  $45 540. 00 

watchman,  12  months,  at  $45 540. 00 

watchman,  12  months,  at  $45 540. 00 

watchman,  10  months  at  $45,  $450 ;  23  days,  at  $45,  $34.84 484. 84 

watchman,  12  months,  at  $40 480.00 

watchman,  11  months,  at  $40,  $440 ;  17  days,  at  $40,  $21.94 461. 94 

watchman,  4  months,  at  $40,  $160;  15  days,  at  $40,  $19.35;  29  days, 

at  $40,  $38.67 218.02 

watchman,  1  month,  at  $40 40. 00 

watchman,  29  days,  at  $40 37. 42 

watchman,  6  months,  at  $35 210. 00 

skilled  laborer,  12  months,  at  $52 624. 00 

skilled  laborer,  5  months,  at  $50,  $250;  lOi  days,  at  $50,  $16.94;  17 

days,  at  $50,  $28.33 295.27 

skilled  laborer,  12  months,  at  $45 540.00 

skilled  laborer,  50  days,  at  $3 150.00 

skilled  laborer,  165idays,  at$2 331.00 

skilled  laborer,  155  days,  at  $1.75 271. 25 

laborer,  12  months,  at  $60 720.00 

laborer,  9  months,  at  $45,  $405 ;  1  month,  at  $49.50,  $49.50 ;  1  month, 

at  $46.50,  $46.50;  1  month,  at  $48,  $48 549.00 

laborer,  9  months,  at  $40,  $360;  1  month,  at  $44.50,  $44.50;  2  months, 

at  $46,  $92 496.50 

laborer,  4  months,  at  $40,  $160;  1  month,  at  $41.50,  $41.50;  23  days, 

at  $40,  $30.67 ;  21  days,  at  $40,  $27.10 ;  29i  days,  at  $40,  $39.33 ....  298. 60 

laborer,  12  months,  at  $40 480.00 

laborer,  12  months,  at  $40 480.00 

laborer,  12  months,  at  $40 480.00 

laborer,  12  months,  at  $40 480.00 

laborer,  12  months,  at  $40 480.00 

laborer,  11  months,  at  $40,  $440 ;  25  days,  at  $40,  $32.26 472. 26 

laborer,  11  months,  at  $40,  $440;  16  days,  at  $40,  $22.86 462. 86 

laborer,  3  months,  at  $40 120. 00 

laborer,  333  days,  at  $1.50 499.50 

laborer,  331  days,  at  $1.50 496.50 

laborer,  317  days,  at  $1.50 475. 50 

laborer,  313  days,  at  $1.50 469. 50 

laborer,  313  days,  at  $1.50 469.50 

laborer,  312  days,  at  $1.50 468.00 

laborer,  312  days,  at$1.50 468.00 

laborer,  312  days,  at  $1.50 468.00 

laborer,  312  days,  at  $1.50 468.00 

laborer,  2851  days,  at  $1.50 428.63 

laborer,  283  days,  at  $1.50 424.50 

laborer,  261i  days,  at  $1.50 392.25 

laborer,  260^  days,  at  $1.50 390.75 

laborer,  2411  days,  at  $1.50 362.63 

laborer,  241  days,  at  $1.50 361.50 

laborer,  224  days,  at  $1. .50 336.00 

laborer,  175  days,  at  $1.50 262. 50 

laborer,  115  days,  at  $1.50 172. 50 

laborer,  83  days,  at$1.50 124.50 
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I  laborer,  36  days,  at  $1.50 $54. 00 

1  laborer,  10|  days,  at  $1.50 16.13 

1  laborer,  lOf  days,  at  $1.50 16. 13 

1  laborer,  lOf  days,  at  $1.50 16.13 

iLiborer,  10*  days,  at$1.50 16.13 

1  laborer,  10  days,  at  $1.50 15. 00 

I  laborer,  10  days,  at  $1.50 15.00 

1  laborer,  9  days,  at  $1.50 13.50 

1  laborer,  8f  days,  at  $1.50 13.13 

1  laborer,  6  days,  at  $1.50 9.00 

1  laborer,  3  days,  at  $1.50 4.50 

1  laborer,  48  hours,  at  18f  cents 9. 00 

1  laborer,  48  hours,  at  18*  cents 9. 00 

1  messenger,  8  months,  at  $50 400.00 

1  messenger,  1  mouth,  at  $45,  $45 ;  4  days,  at  $  15,  $5.81 50. 81 

1  messenger,  12  months,  at  $30 360. 00 

1  messenger,  12  months,  at  $30 360. 00 

1  messenger,  4  months,  at  $20,  $80 ;  8  months,  at  $25,  $200 280. 00 

1  me8.senger,  4  months,  at  $25 100. 00 

ImeHsenger.  12  months,  at$20 240.00 

1  messenger,  8  months,  at  $20,  $160 ;  16  days,  at  $20,  $10.32 170. 32 

1  messenger,  15  days,  at  $20,  $10;  18  days,  at  $20,  $11.61 21. 61 

1  messenger,  8  months,  at  $15,  $120 ;  17  days,  at  $15,  $8.23 128. 23 

1  messenger,  7  mon ths,  at  $15,  $105 ;  12  days,  at  $15,  $6 111.  00 

1  messenger,  4  mouths,  at  $15 60. 00 

1  attendput,  12  months,  at  $40 480.00 

1  cleaner,  11  months,  at  $30,  $330 ;  29  days,  at  $30,  $29 359. 00 

1  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  312  days,  at  $1 312.00 

1  cleaner,  310  days,  at  $1 310.00 

Total  salaries 126,142.26 

Special  services 3, 381. 24 

Total  services 129,523.50 

Miscellaneous : 

Supplies $2,276.56 

Stationery 811.62 

Specimens 2, 367. 14 

Books  and  periodicals $1, 014. 68 

Travel 585.64 

Freight  and  cartage 1,469.98 

8, 525. 62 

Total  expenditure 138,049.12 

Balance  July  1, 1895 4,950.88 

yational  Mu9eum:  Fumitvre  and  fixtures,  July  i,  1S94,  to  June  SOy  1895, 

RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1895,  ''For 
cases,  furniture,  fixtures,  and  appliances  required  for  the  exhibition 
and  safe-keeping  of  the  collections  of  the  National  Museum,  including 
salaries  or  compensation  of  all  necc^ssary  employees"  (sundry  civil  act, 
Augnat  18, 1894) $10,000.00 
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EXPENDITURES. 

Salaries  or  compensation : 

1  cabinetmaker,  360  days,  at  $3 $918.00 

1  carpenter,  312  days,  at  $3 936. 00 

1  carpenter,  190  days,  at  $3 570  00 

1  carpenter,  91  days,  at  $3 273  00 

1  carpenter,  114  days,  at  $3 342  00 

1  carpenter,  86i  days,  at  $3 259.50 

1  carpenter,  42  days,  at  $3 126.00 

1  carpenter,  41  days,  at  $3 123. 00 

1  carpenter,  76  days,  at  $3 228. 00 

1  carpenter,  32  days,  at  $3 96. 00 

1  carpenter,  18  days,  at  $3 64. 00 

1  carjienter,  22^  days,  at  $3 67.50 

1  carpenter,  13  days,  at  $3 39. 00 

Ipainter,  12months,  at$65.. 780.00 

1  skilled  laborer,  157  days,  at  $1.75 274. 75 

1  skilled  laborer,  3  months  at  $50,  $150 ;  19^  days,  at  $50,  $31 .45 181. 45 

1  skilled  laborer,  75^  days,  at  $2 151. 00 

1  laborer,  3  months,  at  $40,  $120 ;  1  month,  at  $41.50,  $41.50 161. 50 

1  laborer,  19  days,  at  $1.50 28.50 

5,609.20 

Special  services ■. 86. 13 


Miscellaneous : 

Drawings $91. 25 

Drawers,  trays,  boxes  671. 79 

Frames,  stands,  etc 67. 00 

Glass 45.90 

Hardware 510.30 

Tools 63.69 

Cloth,  cotton,  etc 20.00 

Glass  jars 248.32 

Lumber 1,108.22 

Paints,  oils,  etc 450. 14 

Office  furniture 122.73 

Metals 47.16 

Rubber  and  leather 18. 80 

Iron  brackets .* 141. 94 


5,696.33 


3,607.24 


Total  expenditure 9,302.57 


Balance  .July  1,  1895,  to  meet  outstanding  liabilities 697. 43 

National  Museum:  Heating^  lighting^  electric  and  telephonic  service^  July  1,  1894,  to 

June  SO,  1895. 

RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1895,  ''For 
expense  of  heating,  lighting,  electrical,  telegraphic,  and  telephonic 
service  for  the  National  Musemm''  (sundry  civil  act,  August  18,  1894).     $13, 000. 00 


KXPENDITl'RES. 

Salaries  or  compensation : 

1  engineer,  12  months,  at  $115 1,380.00 

1  fireman,  12  months,  at  $50 600. 00 

1  fireman,  11  months,  at  $50,  $550;  29^  days,  at  $50,  $47.58 597.58 


REPORT  OF  THE  EXECUTIVE  COMMITTEE.       XXIX 

Salaries  or  compenaation — Continued. 

1  fireman,  10  months,  at  $50,  $500;  30i  clays,  at  $50,  $49.19;  6  days, 

at  $50,  $10 $559.19 

1  fireman,  8  months,  at  $75,  $600;  3  months,  at  $60,  $180;  25  days,  at 

$60,  $48.39 828.39 

1  fireman,  1  month,  at  $50,  $50;  26  days,  at  $50,  $41.94;  13  days,  at 

150,  $20.96 112.90 

1  fireman,  2  months,  at  $54,  $108 ;  2  months,  at  $50,  $100 208. 00 

1  fireman,  19  days,  at  $50 33.93 

1  steam  fitter,  1  month,  at  $50,  $50 ;  16  days,  at  $50,  $25.81 75. 81 

1  laborer,  6  months,  at  $40,  $240;  2  months,  at  $46,  $92;  1  month, 

at  W1.50,  $41.50 373.50 

1  laborer,  244  days,  at  $1.25 305.00 

llaborer,  177i  days,  at$1.25 221.88 

lUiborer,  98^  days,  at  $1.50 147.75 

1  laborer,  89  days,  at  $1.50 133.50 

1  clerk,  4  months,  at  $35,  $140;  1  month,  at  $40,  $40 180.00 

1  telephone  clerk,  7  months,  at  $60 420.00 

6, 177. 43 
Special  services 51.25 

Total  services 6,228.68 

Geoeral  expenses : 

Coal  and  wood '. $2,791.90 

Gas 1,455.88 

Telephones 444.00 

Electric  supplies 210. 75 

Rental  of  call  boxes 90.00 

Heating  supplies 327. 41 

Telegrams 6.31 

5, 326. 25 

Total  expenditure 11,554.93 

Balance  July  1,  1895 1,445.07 

Xational  Museum :  Postage,  July  1,  1894,  to  June  SO,  1895, 

BBCKIPT8. 

AppropriAtion  by  Congress  for  the  fiscal  year  ending  June  30, 1895,  ''For 
postage  stamps  and  foreign  postal  cards  for  the  National  Museum" 
(sundry  civil  act,  August  18, 1894) $500.00 

EXPENDITURES. 

City  post-office  for  stamps,  etc.  (appropriation  expended) 500. 00 

National  Museum:  Printing,  July  1,  1894,  to  June  SO,  1805, 

RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1895,  ''For 
the  Smithsonian  Institution  for  printing  labels  and  blanks  and  for  the 
'Bulletins'  and  annual  volumes  of  the  'Proceediogs'  of  the  National 
Museum" $11,000.00 

For  binding  scientific  books  and  pamphlets  presented  to  and  acquired  by 
the  National  Museum  library  (sundry  civil  act,  August  18, 1894) 1, 000. 00 

12, 000. 00 
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EXPENDITURES. 

Bnlletins  National  Museum,  Nos.  39,  47,  48,  and  special  Nos. 

2  and  3 $6,202.53 

Proceedings  National  Museum,  Vol.  XVII 3, 179. 93 

Reports  National  Museum,  extras 28. 06 

Labels  for  specimens 234. 78 

Letter  heads,  pads,  and  envelopes 610. 18 

Blanks 413.60 

Electros 14.50 

Binding 1,258.60 

Congressional  Records 20. 00 

Total  expenditure $11, 962. 18 

Balance  July  1 ,  1895 37. 82 

National  Muaeum:  Rent  of  workshops. 

Balance  July  1,  1894,  as  per  last  annual  report $457.29 

Appropriation  by  Congress,  ** under  Smithsonian  Institution,''  "For  rent 
for  TTorkshops  for  the  National  Museum''  (sundry  civil  act,  August  18, 
1894) 600.00 

EXPENDITURES.  1,  057.  29 

Lumber $29.75 

Rent 975.00 

1, 004. 75 

Balance  July  1,1895 52.54 

Building f  National  Muaeum :  Bepairs,  1895, 

RECEIPTS. 

Appropriation  by  Congress  for  tearing  down  and  rebuilding  the  brick 
walls  of  the  steam  boilers,  providing  tie-rods  and  buck-staves  and 
grates  for  the  same;  removing,  replacing,  and  resetting  the  fronts, 
and  replacing  worn-out  boiler  tubes  and  for  covering  heating  pipes 
with  fireproof  material,  including  all  necessary  labor  and  material 
(sundry  civil  act,  August  18, 1894) $4,000.00 

EXPENDITURES   FROM  JULY    1,  1894,  TO  JUNE  30,  1895. 

Services : 

1  bricklayer,  1  day,  at  $5 $5.  00 

1  bricklayer,  11^  days,  at  $4 46.00 

3  skilled  laborers,  27  days,  at  $3 81. 00 

1  skilled  laborer,  24  days,  at  $50  per  month 40. 00 

19  laborers,  298|  days,  at  $1.50 448.13 

2  painters,  14  days,  at  $3 42. 00 

$662.13 

Brickwork  (by  contract) 1,378.00 

Boiler  tubes 594.00 

Boiler  compound 56. 00 

Polishing  compound 8. 75 

Iron  water-headers 200. 00 

Iron  grate-bars 109. 78 

Magnesia  pipe  covering 916. 20 

Pipe  fittings 18.88 

Asphaltum  and  bronze 2. 50 

Plastering 7.80 

Advertising  proposals 32. 67 

3. 986. 71 


Balance  July  1,1895 13.29 
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Pretervation  of  colleotians,  1894, 
Balance  July  1, 1894,  as  per  last  annual  report $4, 180. 20 

KXPENDITUKBS. 

Salariea  or  compensation $165. 00 

Special  or  contract  servicen 489. 21 

$664.21 

Snpplies ! 960.58 

Stationery 132.78 

Specimens 756. 19 

Books  and  periodicals 620. 96 

Travel 122.42 

Fxeight  and  cartage 697.79 

Total  expenditure 3, 944. 93 

Balance  July  1, 1895 235.27 

Total  expenditure  of  the  appropriation  for  preservation  of  collections,  1894. 
Appropriation $132,500.00 

EXPENDITURES. 

Salaries  or  compensation $118, 406. 94 

Special  or  contract  work 2, 242. 32 

$120, 649. 26 

Supplies 2,356.36 

Stationery 496.05 

Specimens 3,810.74 

Travel 672.30 

Freight 1 3,117.34 

Books 1,262.68 

Total  expenditure 132,264.73 

Balance  July  1, 1895 235.27 

Preservation  of  coll^ctionsj  1895. 
Balance  July  1, 1894,  as  per  last  annnai  report $318. 02 

EXPENDITURES. 

Services  (special) $0. 75 

Specimens 276.00 

Supplies 39.00 

Total  expenditure 315. 75 

Balance  July  1, 1895 2.27 

Total  expenditure  of  appropriation  for  preservation  of  collections,  1S9S. 

Appropriations $132,500.00 

2,000.00 
$134, 500. 00 

EXPENDITURES. 

Salaries  or  compensation $116, 234. 65 

Special  or  contract  services 2, 794. 53 

$119, 029. 18 
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Supplies $3,239.96 

Stationery 1,717.29 

Specimens 6, 415. 56 

Books 1,032.54 

Travel 707.47 

Freight 2,355.73 

Total  expenditure $134, 497. 73 

Balance  July  1, 1895 2.27 

Furniture  and  fixtures,  1894, 
Balance  July  1,  1894,  as  per  last  annual  report $808.24 

EXPENDITURES. 

Frames,  stands,  etc $62. 70 

Glass 40.00 

Hardware 35.16 

Tools V 5.00 

Colth,  etc 48.75 

Lumber 72.35 

Paints,  oils,  etc 111.  26 

Office  furniture 330.66 

Metals 6. 05 

Rubber  and  leather 4. 98 

Apparatus 2.25 

Cases 84.00 


Total  expenditure  July  1,  1894,  to  June  30,  1895 808. 16 

Balance  July  1,  1895 .09 

Total  expenditure  of  the  appropriation  for  furniture  and  fixture*,  1894. 
Appropriation $10, 000. 00 

EXPENDITURES. 

Salaries  or  compensation $5, 525. 76 

Special  or  contract  services 29. 25 

$5,555.00 

Cases 

Drawings 

Drawers 

Frames 

Glass  

Hardware 

Tools 

Cloth 

Glass  jars 

Lumber 

Paints,  oil,  etc 

Office  furniture 

Mfttals 

Rubber  and  leather 

Apparatus 

Slate,  brick,  etc ^ . . . 

Iron  brackets , 

Total  expenditure 9,999.91 

Balance  July  1,  1895 .09 


84.00 

9.25 

32L50 

121.68 

143.82 

530.34 

37.13 

103.02 

501.81 

899.26 

666.09 

540. 61 

70.73 

22.26 

48.49 

201.50 

143. 42 
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Balance  Jnly  1,  18^,  as  per  last  annual  report $0. 16 

Balance  carried,  nnder  the  provisions  of  Revised  Statutes,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund  June  30,  1895. 

Heating  and  lighting,  1894. 
Balance  July  1,  1894,  as  per  last  annual  report $724. 30 

EXPENDITURES. 

Si>ecial  or  contract  services $6. 25 

Coal  and  wcmhI 24. 75 

Gas 78.50 

Telephones 165. 50 

Electrical  supplies 50.60 

Rental  call  boxes 20.00 

Heating  supplies 348. 48 

Telegrams 29.46 

Total  expenditure 723.54 

Balance  July  1, 1895 v .76 

Total  expenditure  of  the  appropriation  for  heating,  lighting,  etc,  1894. 
Appropriation $11,000.00 

EXPENDITURES. 

Salaries  or  compensation $5, 034. 75 

Special  or  contract  services 67.75 

$5, 102. 50 

Coal  and  wood 2,696.55 

Gas 1,446.26 

Telephones 687.62 

Electric  supplies 163.16 

Rental  call  boxes 120.00 

Heating  repairs 12.00 

Heating  supplies 741.69 

Telegrams 29.46 

Total  expenditure 10, 999. 24 

Balance  July  1, 1895 .76 

Heating,  lighting,  etc.,  1893. 

Balance  July  1, 1894,  as  per  last  annual  report $11. 10 

Balance  carried,  under  the  provisions  of  the  Revised  Statutes,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund  June  30,  1895. 

SMITHS0I7IAN  INSTITUTION  BUILDING— REPAIRS. 

RECEIPTS. 

Balance  Jnly  1, 1894,  as  per  last  annual  report $1. 14 

Balance  carried,  nnder  the  provisions  of  the  Revised  Statutes,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund  June  30, 1895. 

8m95— ni 
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ASTROPHTSICAL  OBSERVATORY,  SMITHSONIAN  INSTITUTION,  1805. 

RECEIPTS. 

Appropriation  by  CongresB  'Tor  maintenance  of  the  Astrophysical  Ob- 
servatory, under  the  direotion  of  the  Smithsonian  Institution,  includ- 
ing salaries  of  assistantSi  apparatus,  and  miscellaneous  expenses" 
(sundry  civil  act,  August  18, 1894) $9,000.00 

EXPENDITURES  FROM  JT7LY  1,    1894,  TO  JUNE  30,    1895. 

Salaries  or  compensation : 

1  aid,  12  months,  at  $125 - $1,50*1.00 

1  assistant,  12  days,  at  $100 40.00 

1  junior  assistant,  11  months,  at  $66.66;  1  month  at  $83.33..  816.59 

1  clerk,  1  month,  at  $100 100.00 

1  clerk,  12  months,  at  $60 720.00 

1  instrument  maker,  99|  days,  at  $3.50 344. 41 

1  assistant  instrument  maker,  9^  months,  at  $60;  25  days, 

at$60;2idays,  at  $65 624.43 

3  carpenters,  41^  days,  at  $3 123.75 

1  painter,  1  day,  at  $50 1.66 

2  steam  fitters,  10^  days,  at  $3 *. 31.50 

1  skilled  laborer,  2  days,  at  $2.50 5.01 

6  laborers,  58i  days,  at  $1.50 87.75 

1  cleaner,  22  days,  at  $1 22.00 

Total  salaries  or  compensation 4, 417. 00 

General  expenses : 

Apparatus $1,726.71 

Books  and  binding 135.46 

Building 172.00 

Castings 12.15 

Freight 17.77 

Illustrations 23.70 

Lumber 133.56 

Postage  and  telegraph 2. 23 

Stationery 6.72 

Supplies 690.52 

Traveling  expenses 77. 17 

2, 997. 99 

7,414.99 

Balance  July  1,  1895 1,685.01 

ASTROPHYSICAL  OBSERVATORY,  SMITHSONIAN  INSTITUTION,  1894. 

Balance  July  1,  1894,  as  per  last  annual  report $75.90 

EX PKNDI TURKS  JULY   1,  1894,  TO  JUNE  30,  1895. 

General  expenses : 

Apparatus $10.98 

Castings 1. 20 

Freight 27.35 

Stationery 2. 99 

Supplies 24.36 

— — ^— —  66. 88 

Balance  July  1, 1895 9.02 
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ASTROPHYSICAL  OBSERVATORY,  18«3. 

alance  JxHy  1,  l89Ay  as  per  last  annual  report $0. 01 

Balance  carried,  under  the  provisions  of  Revised  Statutes,  section  3090,  by  the 
treasury  Department  to  the  credit  of  the  surplus  fund  June  30,  1895. 

NATIONAL  ZOOLOGICAL  PARK,  1895. 

Lppropriation  by  Congress  ''For  continuing  the  construction  of  roads, 
walks,  bridges,  water  supply,  sewerage  and  drainage,  and  for  grading, 
planting,  and  otherwise  improving  the  grounds,  erecting  and  repairing 
buildings  and  inclosures  for  animals,  and  for  administrative  purposes, 
care,  subsistence,  and  transportation  of  animals,  including  salaries  or 
compensation  of  all  necessary  employees  and  general  incidental  expen- 
ses not  otherwise  provided  for,  $50,000,  one-half  of  which  sum  shall  be 
paid  from  the  revenues  of  the  District  of  Columbia  and  the  other  half 
from  the  Treasury  of  the  United  States.  A  report  in  detail  of  the  ex- 
penses on  account  of  the  National  Zoological  Park  shall  be  made  to 
Congress  at  the  beginning  of  each  regular  session"  (sundry  civil  act, 
August  18, 1894) $50,000.00 

KXPENDITURBS  JULY   1,    1894,   TO  JUNK  30,    1895. 

SaUries  or  compensation : 

1  superintendent,  12  months,  at  $208.33 $2, 499. 96 

1  property  clerk,  12  months,  at  $125 1,500.00 

1  foreman,  5  months  4-  days,  at  $75 384. 68 

1  foreman,  5^  months,  at  $75 412. 50 

1  sssistant  foreman,  12  months,  at  $60 720.00 

1  head  keeper,  12  months,  at  $83.33 999.96 

5  under  keepers,  12  months,  at  $50 3,000.00 

1  blacksmith,  12  months,  at  $75 900.00 

1  assistant  blacksmith,  12  months,  at  $60 720. 00 

1  carpenter,  2i  months,  at  $65 162.50 

1  carpenter,  12  months,  at  $65 780.00 

1  watchman,  6  months,  at  $50 ;  1  laborer,  6  months,  at  $50.  600. 00 

1  watchman,  12  months,  at$50 600.00 

1  watchman,  11^  months,  at  $60 ;  ^  month,  at  $50 715. 00 

1  night  watchman,  5  months,  at  $45;  7  months,  at  $50 575. 00 

1  laborer,  12  months,  at  $45 540. 00 

1  laborer,  3  months,  at  $45;  9  months,  at  $50 585.00 

2  laborers,  4  months,  at  $45 ;  8  months,  at  $50 1, 160. 00 

1  laborer,  12  months,  at  $50 600.00 

llaborer,  9i months,  at$45 427.50 

1  laborer,  6  months,  at  $25;  6  months,  at  $35 360. 00 

1  messenger,  12  months,  at  $35 420. 00 

1  attendant,  12  months,  at  $15 180.00 

1  stenographer,  12  months,  at  $62.50 750. 00 

1  clerk,  7  months  8  days,  at  $60 437.14 

1  clerk,  4  months,  at  $60 240.00 

20, 269. 24 

lliseellaneous: 

Bridges  and  culverts 607.97 

Building  material,  lime,  stone,  etc 1, 066. 27 

Fencing  and  cage  material 881.61 

Food 4,438.82 

Freight  and  transiM>rtation 972. 13 

Feel 592.81 

Granolithic  pavement 50. 25 

Lumber 939.87 
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MiscellaneouB — Continued. 

Machinery,  tools,  etc 

Miscellaneous  supplies 

Paints,  oils,  glass,  etc 

Postage,  telegraph,  and  telephones. 

Riprap  material 

Road  material  and  grading 

Stationery,  books,  printing,  etc 

Surveying,  plans,  etc 

Traveling  expenses 

Trees,  plants,  sodding,  etc 

Water  supply  and  sewerage , 


$330.75 

682.94 

180. 44 

155.51 

269. 37 

5, 298. 95 

154.62 

426. 67 

239.30 

835.04 

478.30 

Wages  of  mechanics  and  laborers  and  hire  of  teams  in  con- 
structing buildings  and  inclosures,  laying  water  pipes,  build- 
ing roads,  gutters,  and  walks,  planting  trees,  and  otherwise 
improving  the  grounds : 

llaborer,  156  days,  at  $1.50 234.00 

llaborer,  106idays,  at$1.50 159.38 

llaborer,  134  days,  at  $1.50 201.00 

1  laborer,  220f  days,  at  «1.50 331.14 

1  laborer,  390i  days,  at  $1.50 585.75 

llaborer,  151i  days,  at  $1.50 226.87 

llaborer,  149i  days,  at  $1.50 224.25 

llaborer,  181  days,  at  $1.50 271.50 

llaborer,  258  days,  at  $1.50 387.01 

llaborer,  162  days,  at  $1.50 243.00 

1  laborer,  273  days,  at  $1.50 409.50 

1  laborer,  90|  days,  at  $1.50 136.13 

llaborer,  2  days,  at  $1.50 ! 3.00 

llaborer,  311|  days,  at  $1.50 467.62 

llaborer,  226^  days,  at  $1.50 339.75 

1  laborer,  82  days,  at  $1.50 123.00 

llaborer,  113^  days,  at  $1.50 170.25 

1  laborer,  2  days,  at  $1.50 3.00 

1  laborer,  43  days,  at  $1.25 ;  61  days,  at  $1.50 145. 25 

llaborer.  111  J  days,  at  $1.25 139.37 

llaborer,  142  J  days,  at  $1.25 178.13 

llaborer,  116^  days,  at  $1.25 146.94 

1  laborer,  117i  days,  at  $1.25 146.55 

llaborer,  167  days,  at  $1.25 208.75 

llaborer,  32|days,  at  $1.25 40.94 

1  laborer,  25  days,  at  $1.25 31.25 

1  laborer,  35i  days,  at  $1.25 ;  85|  days,  at  $1.50 172. 68 

1  laborer,  147  days,  at  $1.25 183.75 

llaborer,  115i  days,  at $1.25 144.06 

1  laborer,  120^  days,  at  $1.25 150.31 

llaborer  269f  days,  at  $1.25 337.02 

llaborer,  156|  days,  at  $1.25 195.93 

1  laborer,  19  days,  at  $1.25 ;  76f  days,  at  $1.50 138. 87 

llaborer,  lOU  days,  at  $1.25 126.56 

llaborer,  105  days,  at  $1.25 131.25 

1  laborer,  33f  days,  at  $1.25 42. 19 

1  laborer,  82f  days,  at  $1.25 103.43 

1  laborer,  5  days,  at  $1.25 6. 25 

1  laborer,  5^  days,  at  $1.25 64.06 

llaborer,  49f  days,  at  $1.25 62.18 


$18, 601. 62 
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^ages  of  mechanics  and  laborers,  etc. — Continued. 

1  paver,  38  days,  at  $2 ;  laborer,  45^  days,  at  $1.50 $144. 25 

1  laborer,  53  days,  at  $1 ;  128  days,  at  75  cents 149. 00 

1  tool  boy,  107  days,  at  $1 ;  laborer,  228  days,  at  $1.25 392. 00 

1  laborer,  3  days,  at  50  cents 1. 50 

1  carpenter,  151^  days,  at  $2.80;  laborer,  14  days,  at  $1.50.  445. 20 

1  water  boy,  165f  days,  at  50  cents 82.87 

1  stone  mason,  6  days,  at  $2.50 15. 00 

1  stone  mason,  2  days,  at  $2.50;   laborer,  27^  days,  at 

$1.75;  42iday8,at$2;  4^ months, at  $4,, 339.69 

1  stone  mason,  35  days,  at  $2.50 87. 50 

1  wagon  and  team,  41:^  days,  at  $3.50;  mower  and  team, 

5i  days,  at  $3.50 163.63 

1  wagon  and  team,  45^  days,  at  $3.50 159. 25 

1  wagon  and  team,  9^  days,  at  $3.50 32. 37 

1  wagou  and  team,  1  day,  at  $3.50 3. 50 

1  cart  and  horse,  44  days,  at  $1.75 77.  uO 

1  cart  and  horse,  4  days,  at  $1.75 7. 00 

1  cart  and  horse,  4  days,  at  $1.75 7. 00 

1  cart  and  horse,  4  days,  at  $1.75 7. 00 

1  cart  and  horse,  57  days,  at  $1.75 99. 75 

1  cart  and  horse,  19  days,  at  $1.75 33. 25 

1  cart  and  horse,  24  days,  at  $1.75 42. 00 

1  cart  and  horse,  32  days,  at  $1.75 56. 00 

1  horae,  61  days,  at  50  cents 30. 50 

1  horse,  3  days,  at  50  cents 1.50 

1  painter,  9  days,  at  $2.80 25.20 

1  stone  breaker,  147|  cubic  yards,  at  60  cents 88. 60 

1  stone  breaker,  134}  cubic  yards,  at  60  cents . .  80. 70 

1  stone  breaker,  105tV  cubic  yards,  at  60  cents 63. 05 

10, 045. 18 

Total  expenditure 48,916.04 

Balance  July  1, 1895 1,083.96 

BKTBAKCE   AND   DKIVBWAY,   ZOOLOGICAL   PARK,    DISTRICT  OB'   COLtJMBIA,   1895 

AlTD  1896. 

Appropriation  by  Congress  "For  continuing  the  entrance  into  the  Zoo- 
logical Park  from  Woodley  Lane  and  opening  driveway  into  Zoological 
Park  from  said  entrance  along  the  west  bank  of  Rock  Creek,  $5,000,  to 
be  immediately  available,  which  sum  is  hereby  appropriated  out  of 
any  money  in  the  Treasury  not  otherwise  appropriated,  one-half 

chargeable  to  the  revenues  of  the  District  of  Columbia  " $5, 000. 00 

Salaries  or  compensation : 

91aborers,144f  days,  at  $1.50 $216.88 

4  laborers,  90  days,  at  $1.25 112.49 

1  water  boy,  43^  days,  at  50  cents 21. 63 

1  wagon  and  team,  20  days,  at  $3.50 70. 00 

1  wagon  and  team,  5  days,  at  $3.50 17.50 

$438.50 

General  expenses : 

Drawing  instruments,  etc 83. 98 

Grading 2,086.65 

Machinery,  took,  etc 166.20 

2, 336. 83 

Total  disbnrsements 2,775.33 

Balance  July  1,1895 2,224.^^ 


XXXVIII  REPOET   OP   THE   EXECUTIVE   COMMITTEE. 

NATIONAL  ZOOLOGICAL  PARK,  1804. 
Balance  July  1,  1894,  as  per  last  annual  report $1, 537. 41 

EXPENDITURKS  FROM  JULY   1,   1894,   TO  JUNE  30,  1895. 

Building  material $2. 00 

Freight  and  transportation 100.57 

Food  for  animals 371. 74 

Iron,  steel,  fencing,  hardware,  etc 42.46 

Miscellaneous  supplies 171. 90 

Paints,  oil,  etc 10.70 

Stationery,  printing,  etc 12. 50 

Services 89.88 

Suryeying,  plans,  etc 495. 00 

Total  expenditure 1, 296. 75 

Balance  July  1,1895 240.66 

NATIONAL  ZOOLOGICAL  PARK,  18ft3. 

Balance  July  1, 1894,  as  per  last  annual  report $0. 02 

Balance  carried,  under  the  provisions  of  Revised  Statutes,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund  June  30,  1895. 

RECAPITULATION. 

The  total  amount  of  funds  administered  by  the  Institution  during  the  year  ending 
Jnne  30, 1895,  appears  from  the  foregoing  statements  and  the  account  books  to  have 
been  as  follows : 

Smithsonian  Institution. 

From  balance  of  last  year,  July  1, 1894 $59,598.50 

(Including  cash  from  executors  of  Dr.  J.  H.  Kidder).  $5, 000. 00 
(Including  cash  from  gift  of  Alex.  Graham  Bell) 5, 000. 00 

10, 000. 00 

From  interest  on  Smithsonian  fund  for  the  year 54, 473. 92 

From  sales  of  publications 254. 59 

From  repayments  of  freight,  etc 5, 819. 79 

Interest  on  West  Shore  bonds 1,680.00 

$121, 826. 80 

Appropriations  committed  hy  Congress  to  the  care  of  the  Institution. 

International  Exchanges — Smithsonian  Institution : 

From  balance  of  1892-93 $0.44 

From  balance  of  1893-94 25.42 

From  appropriation  for  1894-95 17,000.00 

17, 025. 86 

North  American  Ethnology : 

From  balance  of  last  year,  July  1,  1894 5,253.78 

From  appropriation  for  1894-95 40,000.00 

45, 253. 78 

Preservation  of  collections — Museum : 

From  balance  of  1892-93 318.02 

From  balance  of  1893-94 4,180.20 

From  appropriation  for  1894-95 143,000.00 

147,498.22 

Printing — Museum : 

From  balance  of  1893-94 43.82 

From  appropriation  for  1894-95 12,000.00 

12, 043. 82 
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Fornitare  and  fixtures — Miifl«am : 

From  balance  of  1892-93 $0.16 

From  balance  of  1893-94 803.24 

From  appropriation  for  1894-95 10, 000. 00 

$10,803.40 

Heating  and  lighting,  etc. — Mnsenm : 

From  balance  of  1892-93 11.10 

From  balance  of  1893-94 724.30 

From  appropriation  for  1894-95 13,000.00 

13, 735. 40 

Smithsonian  Institution  building,  repairs 1. 14 

Rent  of  workshops,  etc. — Museum : 

From  balance  of  1893-94 457.29 

From  appropriation  for  1894-95 GOO.  00 

1,  057. 29 

Postage — Mnsenm : 

From  appropriation  for  1894-95 500. 00 

Bailding  repairs — Museum : 

From  appropriation  for  1894-95 4,000.00 

National  Zoological  Park : 

From  bulance  of  1892-93 .02 

From  balance  of  1893-94 1,537.41 

From  appropriation  for  1894-95 50,000.00 

51, 537. 43 

Astrophysical  Observatory,  Smithsonian  Institution : 

From  balance  of  1892-93 .01 

From  balance  of  189a~94 75.90 

From  appropriation  for  1894-95 9,000.00 

9, 075. 91 

Sammary : 

Smithsonian  Institution 121,826.80 

Exchanges 17,025.86 

Ethnology 45,253.78 

Preservation  of  collections 147, 498. 22 

Printing 12,043.82 

Forniture  and  fixtures - 10,803.40 

Heating  and  lighting 13,735.40 

Rent  of  workshop 1,057.29 

Postage 500.00 

National  Mnseuni  building,  repairs 4, 000. 00 

Smithsonian  Institution  building,  repairs 1. 14 

National  Zoological  Park 51,537.43 

Astrophysical  Observatory 9, 075. 91 

434,359.05 

The  committee  has  examined  the  vouchers  for  payiueut  from  the 
Smithsonian  income  daring  the  year  ending  June  30,  1895,  each  of 
which  bears  the  approval  of  the  Secretary  or,  in  his  absence,  of  the 
acting  secretary,  and  a  certificate  that  the  materials  and  services 
charged  were  applied  to  the  purposes  of  the  Institution. 

The  committee  has  also  examined  the  accounts  of  the  several  appro- 
priatioDs  committed  by  Congress  to  the  Institution,  and  finds  that  the 
balances  hereinbefore  given  correspond  with  the  certificates  of  the  dis- 
buring  clerk  of  the  Smithsonian  Institution,  whose  appointment  as 
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such  disbursing  officer  has  been  accepted  and  his  bond  approved  by  1 
Secretary  of  the  Treasury. 

Tlie  quarterly  accounts  current,  tbe  vouchers,  and  journals  ha 
been  examined  and  found  correct. 

Statement  of  regular  income  from  the  Smithsonian  fund  available  for  use  in  the  year  en^ 

June  SO,  1896. 

Balance  on  liandJnne  30,  1895 $63,001 

(Including  cash  from  executors  of  J.  H.  Kidder) $5, 000. 00 

(Including  cash  from  Dr.  Alex.  Graham  Bell) 5, 000. 00 

10, 000. 00 

Interest  due  and  receivable  July  1,  1895 27, 355. 00 

Interest  due  and  receivable  January  1,  1896 27, 360. 00 

Interest,  West  Shore  Railroad  bonds,  due  July  1,  1895 840. 00 

Interest,  West  Shore  Railroad  bonds,  due  January  1,  1896 840. 00 

56,395 

Total  available  for  year  ending  June  30,  1896 119, 396 

Respectfully  submitted. 

J.  B.  Henderson, 

Executive  Committee 
Washington,  D.  C,  January  8, 1896. 


ACTS  AND   RESOLUTIONS  OF  CONGRESS  RELATIVE  TO  THE 
SMITHSONIAN  INSTITUTION,  NATIONAL  MUSEUM,  ETC. 

(In  continuation  from  previous  reports.) 


[Fifty-third  Congress,  third  Bession,  December  3, 1894,  to  March  2, 1895.] 

SMITHSONIAN  INSTITUTION. 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States 
o/  America  in  Congress  assembled^  That  the  vacancy  in  the  Board  of 
Begents  of  the  Smithsonian  Institution  other  than  Members  of  Con- 
gress, caused  by  the  death  of  James  C.  Welling,  of  the  city  of  Wash- 
ington, be  filled  by  the  appointment  of  Gardiner  G.  Hubbard^  a  citizen 
of  Washington,  of  the  District  of  Columbia.  (Joint  resolution  No.  21, 
approved  February  27, 1895,  statutes  of  the  Fifty-third  Congress,  p.  972.) 

Annual  Report, — Of  the  Beport  of  the  Smithsonian  Institution,  ten 
thousand  copies— one  thousand  for  the  Senate,  two  thousand  for  the 
Hoase,  five  thousand  for  distribution  by  the  Smithsonian  Institution, 
and  two  thousand  for  distribution  by  the  National  Museum.  (Act  pro- 
viding for  public  printing  and  binding,  approved  January  12,  1895, 
statutes  of  the  Fifty-third  Congress,  p.  616.) 

INTERNATIONAL  EXCHANGES. 

For  expenses  of  the  system  of  international  exchanges  between  the 
United  States  and  foreign  countries,  under  the  dii'ection  of  the  Smith- 
sonian Institution,  including  salaries  or  compensation  of  all  necessary 
employees,  seventeen  thousand  dollars.  (Sundry;  civil  appropriation 
act,  approved  March  2,  1895,  statutes  of  the  Jifty-third  Congress, 
p.  924.) 

JJniied  States  Oeological  Survey. — ^For  the  purchase  of  necessary  books 
for  the  library,  and  the  payment  for  the  transmission  of  public  docu- 
ments through  the  Smithsonian  exchange,  two  thousand  dollars. 
(Sundry  civil  appropriation  act,  approved  March  2,  1895,  statutes  of 
the  Fifty-third  Congress,  p.  940.) 

War  Department. — ^For  the  transportation  of  reports  and  maps  to 
foreign  countries  through  the  Smithsonian  Institution,  one  hundred 
dollars.  (Sundry  civil  appropriation  act,  approved  March  2,  1895, 
statutes  of  the  Fifty-third  Congress,  p.  960.) 

S^aval  Observatory. — For  repairs  to  buildings,  fixtures,  and  fences,  fur- 
iiitare,  gas,  chemicals,  and  stationery;  freight  (including  transmission 
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of  public  documents  through  the  Smithsonian  exchange),  foreign 
postage,  and  expressage,  plants,  fertilizers,  and  all  contingent  expenses, 
two  thousand  five  hundred  dollars.  (Legislative,  executive,  and  judicial 
appropriation  act,  approved  March  2, 1895,  statutes  of  the  Fifty-third 
Congress,  p.  792.) 

Patent  Office. — For  purchase  of  professional  and  scientific  books,  and 
expenses  of  transporting  publications  of  patents  issued  by  the  Patent 
Olfice  to  foreign  Governments,  two  thousand  dollars.  (Legislative, 
executive,  and  judicial  appropriation  act,  approved  March  2,  1895, 
statutes  of  the  Fifty-third  Congress,  p.  797.) 

NATIONAL  MUSEUM. 

For  continuing  the  preservation,  exhibition,  an^  increase  of  the  col- 
lections from  the  surveying  and  exploring  expeditions  of  the  Govern- 
ment, and  from  other  sources^  including  salaries  or  compensation  of 
all  necessary  employees,  one  hundred  and  forty-three  thousand  two 
hundred  and  twenty-five  dollars. 

For  cases,  furniture,  fixtures,  and  appliances  required  for  the  exhibi- 
tion and  safe-keeping  of  the  coUectioDS  of  the  National  Museum, 
including  salaries  or  compensation  of  all  necessary  employees,  twelve 
thousand  five  hundred  dollars. 

For  expenses  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
phonic service  for  the  National  Museum,  thirteen  thousand  dollars. 

For  postage  stamps  and  foreign  i>ostal  cards  for  the  National  Museum, 
five  hundred  dollars. 

For  repairs  to  buildings,  shops,  and  sheds.  National  Museum,  includ- 
ing all  necessary  labor  and  material,  four  thousand  dollars. 

For  rent  of  workshops  for  the  National  Museum,  nine  hundred  dollars. 

For  expenses  of  putting  in  four  additional  fire  plugs  in  the  Smith- 
sonian Grounds  for  the  better  protection  of  the  Smithsonian  Institution, 
National  Museum,  and  Astrophysical  Observatory,  and  the  purchase 
of  necessary  fire  hose,  eight  hundred  dollars.  (Sundry  civil  appropria- 
tion act,  approved  March  2, 1895,  statutes  of  the  Fifty-third  Congress, 
p.  924.) 

For  the  Smithsonian  Institution,  for  printing  labels  and  blanks,  and 
for  the  "  Bulletins"  and  annual  volumes  of  the  "  Proceedings"  of  the 
National  Museum,  and  binding  scientific  books  and  pamphlets,  pre- 
sented to  and  acquired  by  the  National  Museum  library,  twelve  thou- 
sand dollars.  (Sundry  civil  appropriation  act,  approved  March  2, 1895, 
statutes  of  the  Fifty-third  Congress,  p.  960.) 

NOBTH  AMUBICAN  ETHNOLOaT. 

For  continuing  ethnological  researches  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaiies 
or  compensation  of  all  necessary  employees,  forty  thousand  dollars. 
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of  which  sum  not  exceeding  one  thousand  dollars  may  be  used  for  rent 
of  building.  (Sundry  civil  appropriation  act,  approved  March  2, 1895, 
statutes  of  Fifty-third  Congress,  p.  925.) 

ASTROPHTSICAI.  OBSERVATORY. 

For  maintenance  of  Astrophysical  Observatory,  under  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants,  appa- 
ratus, and  miscellaneous  expenses,  nine  thousand  dollars.  (Sundry 
civil  appropriation  act,  approved  March  2, 1895,  statutes  of  the  Fifty- 
third  Congress,  p.  924.) 

NATIONAL  ZOOLOGICAL  PARK. 

For  continuing  the  construction  of  roads,  walks,  bridges,  water 
supply,  sewerage,  and  drainage;  and  for  grading,  planting,  and  other- 
wise improving  the  grounds;  erecting  and  repairing  buildings  and 
iuclosures  for  animals;  and  for  administrative  purposes,  care,  subsist- 
ence, and  transportatiou  of  animals,  including  salaries  or  compensation 
of  all  necessary  employees,  and  general  incidental  expenses  not  other- 
wise provided  for,  fifty-five  thousand  dollars,  one  half  of  which  sum 
shall  be  paid  from  the  revenues  of  the  District  of  Columbia  and  the 
other  half  from  the  Treasury  of  the  United  States;  for  continuing  the 
entrance  into  the  Zoological  Park  from  Woodley  Lane,  and  opening 
driveway  into  Zoological  Park,  from  said  entrance  along  the  west  bank 
of  Bock  Creek,  five  thousand  dollars,  to  be  immediately  available, 
which  sum  is  hereby  appropriated  out  of  any  money  in  the  Treasury 
not  otherwise  appropriated,  one-half  chargeable  to  the  revenues  of  the 
District  of  Columbia.  And  of  the  sum  hereby  appropriated  five  thou- 
sand dollars  shall  be  used  toward  the  construction  of  a  road  from  the 
Holt  Mansion  entrance  (on  Adams  Mill  road)  into  the  park  to  connect 
with  the  roads  now  in  existence,  including  a  bridge  across  Bock  Creek. 
(Sundry  civil  appropriation  act,  approved  March  2, 1895,  statutes  of 
Fifty-third  Congress,  p.  924.) 

AMBBIGAN  HISTORICAL  ASSOCIATION. 

Of  the  Beport  of  the  American  Historical  Association,  three  thousand 
copies;  five  hundred  for  the  Senate,  one  thousand  for  the  House,  and 
one  thousand  five  hundred  for  distribution  by  tlfe  association  and  the 
Smithsonian  Institution.  (Act  providing  for  Public  Printing  and  Bind- 
ing, approved  January  12, 1895,  statutes  of  the  Fifty-third  Congress, 
p.  616.) 
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OF 

S.  p.  LAlffGLET, 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 
FOR  THE  YEAR  ENDING  JUNE  30,  1896. 


0  the  Board  of  Regents  of  the  Smithsonian  Institution. 
Gentlemen:  In  accordance  with  established  castom  I  have  the 
)oor  to  submit  herewith  a  report  of  the  operations  of  the  Smithsonian 
istitntion  for  the  year  ending  Jane  30, 1895,  including  the  work  placed 
Congress  under  its  supervision  in  the  National  Museum,  the  Bureau 
£thnology,  the  Bureau  of  International  Exchanges,  the  National 
ological  Park,  and  the  Astro-physical  Observatory. 
[  have  given  briefly  in  the  body  of  the  report  a  general  account  of 
\  affairs  of  the  Institution  and  of  its  bureaus  for  the  year,  reserving 
the  appendix  the  more  detailed  and  statistical  reports  from  the  offi- 
8  in  charge  of  the  different  branches  of  work. 
?he  full  report  upon  the  National  Museum  by  the  assistant  secretary, 
,  G.  Brown  Goode,  occupies  a  separate  volume   (Report  of  the 
ithsonian  Institution,  National  Museum,  1895). 

THE  SMITHSONIAN  INSTITUTION. 

THE  ESTABLISHMENT. 

The  changes  in  the  heads  of  the  Executive  Departments  of  the  Gov- 
.ment  have  affected  likewise  the  Smithsonian  establishment,  which, 
organized  at  the  end  of  the  year,  consisted  of  the  following  ex  officio 
mbers : 

Geover  Cleveland,  President  of  the  United  States. 

Adlai  E.  Stevenson,  Vice-President  of  the  United  States. 

Melville  W.  Fuller,  Chief  Justice  of  the  Supreme  Court  of 
the  United  States. 

Richard  Olney,  Secretary  of  State. 

John  G.  Carlisle,  Secretary  of  the  Treasury. 

Daniel  S.  Lamont,  Secretary  of  War. 

JuDSON  'EiASMOV,  Attorney 'Oe^ieraL 

William  Jj.  Wilson,  Postmaster- General. 

Hilary  A.  Herbert,  Secretary  of  the  Navy. 

Hoke  Smith,  Secretary  of  the  Interior. 

J.  STBRLiNa  Morton,  Secretary  of  Agriculture. 
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THE  BOARD  OF  REOENTS. 


In  accordance  with  a  resolution  of  the  Board  of  Begents  adopted 
January  8,  1890,  by  which  its  annual  meeting  occurs  on  the  foartb 
Wednesday  of  each  year,  the  Board  met  on  January  23, 1895,  at  10 
o'clock  a.  m.  The  journal  of  its  proceedings  will  be  found,  as  hitherto, 
in  the  annual  report  of  the  Board  to  Congress,  though  reference  is 
made  later  on  in  this  report  to  several  matters  upon  which  action  was 
taken  at  that  meeting. 

It  becomes  my  sad  duty  to  announce  the  death  of  two  members  of 
the  executive  committee  of  the  Board  of  Eegents  during  the  year,  Dr. 
Welling,  on  September  4, 1894,  and  Dr.  Copp6e,  on  March  21, 1895.  I 
give  sketches  of  their  lives  and  work  on  subsequent  pages  devoted  to 
necrology. 

On  February  27, 1895,  Mr.  Gardiner  G.  Hubbard,  of  Washington  City, 
was  appointed  a  Regent  by  joint  resolution  of  Congress. 

The  term  of  office  of  Senator  CuUom  expired  with  his  term  as  Sena- 
tor on  March  4, 1895. 

ADMINISTRATION. 

The  expenses  borne  by  the  Institution,  incidental  to  its  administration 
of  Government  trusts,  are  increasing  so  rapidly  that  I  feel  it  my  duty 
to  again  call  attention  to  the  subject,  though  it  has  been  mentioned  at 
greater  or  less  length  in  all  of  my  recent  reports.  The  expenses  that  I 
refer  to  are  not  specifically  provided  for  by  any  of  the  present  appro- 
priations, since  they  belong,  not  singly  to  the  National  Museum,  or  to 
the  Bureau  of  Ethnology,  or  to  the  International  Exchange  Service,  or 
the  like,  but  to  expenditures  common  to  all  of  them.  I  deem  it  in  the 
interest  of  economy  that  an  appropriation  be  asked  to  cover  these  items, 
for  it  seems  manifest  that  this  expenditure  should  be  met  from  some 
common  source,  owing  to  the  limited  size  of  the  establishments  in 
question,  some  of  which  are  rather  assimilable  to  divisions  than  to 
bureaus.  It  is  evident,  for  instance,  that  an  appropriation  of  $17,000 
for  international  exchanges  or  an  appropriation  of  $10,000  for  an 
observatory  can  not  each  so  well  bear  the  separate  provision  of  a  dis- 
bursing officer,  a  stenographer,  and  the  other  like  employees  as  in  the 
case  of  larger  bureaus.  There  is,  however,  no  praeticable  way  of 
arranging  this  in  accordance  with  the  present  terms  of  the  appropria- 
tions, which  may  be  said  to  tacitly  assume  that  each  of  these  bureaus 
or  divisions  is  thus  completely  provided  for.  It  is  in  some  cases  impos- 
sible that  it  should  be  so  without  the  expenditure  of  much  more  than 
the  appropriated  sum,  and  the  terms  of  the  appropriations  should,  in 
the  interest  of  economy,  either  recognize  the  propriety  of  meetmg  each 
bureau's  share  of  these  common  expenses  out  of  each  one's  appro- 
priation, or  else  out  of  a  special  appropriation  made  in  their  commou 
interest. 
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FINANOBS. 


The  i>ermaiient  funds  of  the  Institution  are  as  follows: 

Bequest  of  Smlthson,  1846 $515,169.00 

Reeidaary  legacy  of  Smithson,  1867 26,210.63 

Deposits  fTom  savings  of  income,  1867 108,620.37 

Beqnest  of  James  Hamilton,  1875 1,000.00 

Be^iueat  of  Simeon  Habel,  1880 500.00 

Deposits  from  proceeds  of  sale  of  bonds,  1881 51, 500. 00 

Gift  of  Thomas  G.  Hodgkins,  1891 200,000.00 

Portion  of  residnary  legacy,  Thomas  G.  Hodgkins,  1894 8, 000. 00 

Accumulated  interest  on  Hamilton  fond,  1895 1, 000. 00 

Total  permanent  fund 912, 000. 00 

The  Regents  also  hold  certain  approved  railroad  bonds,  forming  a 
part  of  the  fund  established  by  Mr.  Hodgkins  for  investigations  of 
the  properties  of  atmospheric  air. 

By  act  of  Congress  approved  by  the  President  March  12, 1894,  an 
amendment  was  made  to  section  5591  of  the  Eevised  Statutes,  the 
fundamental  act  organizing  the  Institution,  as  follows: 

The  S^retary  of  the  Treasury  is  authorized  and  directed  to  receive 
into  the  Treasury,  on  the  same  terms  as  the  original  bequest  of  James 
Smithson,  such  sums  as  the  Begents  may,  from  time  to  time,  see  fit  to 
deposit,  not  exceeding,  with  the  original  bequest,  the  sum  of  $1,000,000 : 
Provided^  That  this  shall  not  operate  as  a  limitation  on  the  power  of 
the  Smithsonian  Institation  to  receive  money  or  other  property  by  gift, 
bequest,  or  devise,  and  to  hold  and  dispose  of  the  same  in  promotion 
of  the  purposes  thereof. 

Under  this  section  5591  of  the  Revised  Statutes,  modified  as  above 
noted,  the  fund  of  $912,000  is  deposited  in  the  Treasury  of  the  United 
States,  bearing  interest  at  6  per  cent  i>er  annum,  the  interest  alone 
being  used  in  carrying  out  the  aims  of  the  Institution. 

At  the  beginning  of  the  fiscal  year,  July  1, 1894,  the  unexpended 
balance  from  the  income  and  from  other  sources,  as  stated  in  my  report 
for  last  year,  was  $59,598.50.  Interest  on  the  i>ermanent  fund  in  the 
Treasury  and  elsewhere,  amounting  to  $56,153.92,  was  received  during 
the  year,  which,  together  with  a  sum  of  $6,074.38,  received  from  the 
sale  of  publications  and  from  miscellaneous  sources,  made  the  total 
receipts  $62,228.30. 

The  entire  expenditures  during  the  year,  including  the  $1,000  accu- 
mulated interest  on  the  Hamilton  fund,  mentioned  above,  which  was 
added  to  the  i>ermanent  fund,  amounted  to  $58,825.06,  for  the  details 
of  which  reference  is  made  to  the  report  of  the  executive  ommittee. 
On  June  30, 1895,  the  balance  in  the  Treasury  of  the  United  States  to 
the  credit  of  the  secretary  for  the  expense  of  the  Institution  was 
$63,001.74,  which  includes  the  sum  of  $10,000  referred  to  in  previous 
reports,  $5,000  received  from  the  estate  of  Dr.  J.  H.  Kidder,  and  a  like 
Bom  from  Dr.  Alexander  Graham  Bell,  the  latter  a  gift  made  i)eri^)nally 
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to  the  secretary  to  promote  certain  physical  researches.  This  latter 
sum  was,  with  the  donor's  consent,  deposited  by  the  secretary  to  the 
credit  of  the  current  funds  of  the  Institution. 

This  balance  also  includes  the  interest  accumulated  on  the  Hodgkins 
donation,  which  is  held  against  certain  contingent  obligations,  besides 
relatively  considerable  sums  held  to  meet  obligations  which  may  be 
expected  to  mature  as  the  result  of  different  scientific  investigations  or 
publications  in  progress. 

The  Institution  has  been  charged  with  the  disbursement,  during  the 
fiscal  year  1894r-95,  of  the  following  appropriations: 

For  international  exchanges $17, 000 

For  North  American  Ethnology 40, 000 

For  United  States  National  Mnseum : 

Preservation  of  collections 143,000 

Fumitnre  and  fixtures 10, 000 

Heating  and  lighting 13,000 

Postage 500 

Repairs  to  building 4,000 

Rent  of  workshops  and  transfer  of  property 1, 000 

Rent  of  workshops 600 

For  National  Zoological  Park 50,000 

For  Astro-physical  Observatory -. . .  9, 000 

All  the  vouchers  and  checks  for  the  disbursements  have  been  examined 
by  the  executive  committee,  and  the  expenditures  will  be  found  reported 
in  accordance  with  the  provisions  of  the  sundry  civil  acts  of  October 
2, 1888,  and  August  5, 1892,  in  a  letter  addressed  to  the  Speaker  of  the 
House  of  Representatives. 

The  vouchers  for  all  the  expenditures  from  the  Smithsonian  fund 
proper  have  been  likewise  examined  and  their  correctness  certified  to 
by  the  executive  committee,  whose  statement  will  be  published,  together 
with  the  accounts  of  the  funds  appropriated  by  Congress,  in  that  com- 
mittee's report. 

The  estimates  for  the  fiscal  year  ending  June  30, 1896,  for  carrying 
on  the  Government  interests  under  the  charge  of  the  Smithsonian  Insti- 
tution, and  forwarded  as  usual  to  the  Secretary  of  the  Treasury,  were 
as  follows : 

International  exchanges $23, 000 

North  American  Ethnology 50, 000 

National  Musenm : 

Preservation  of  collections 180, 000 

Fnmiture  and  fixtures : 30, 000 

Heating  and  lighting 15, 000 

Postage 500 

GaUeries 8,000 

Repairs  to  building 8,000 

National  Zoological  Park 75,000 

Astro-physical  Observatory 10, 000 

Fire  protection,  Smithsonian  Institution  and  National  Museum 800 
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BUILDOaS. 

On  a  sabseqnent  page  I  again  call  attention  to  the  excessively  over- 
crowded  condition  of  the  National  Mnsenm  building  and  to  the  neces- 
sity of  continuing  the  nse  of  several  wooden  sheds  adjacent  to  the 
Smithsonian  building  for  storage  purposes,  constituting  a  constant 
menace  to  the  safety  of  the  main  building  and  its  contents.  I  can  give 
no  more  adequate  idea  of  the  real  danger  from  fire  that  here  exists  than 
by  stating  that  no  insurance  company  was  found  willing  to  place  insur- 
ance upon  these  sheds  or  their  contents  at  less  than  ten  times  the  ordi- 
nary rates.  The  provision  made  by  the  last  Congress  for  rent  of  addi 
tional  storage  rooms  proves  inadequate  for  the  needs  of  the  Museum, 
as  I  have  represented  elsewhere. 

BEPAIBS  TO  THE  SMITHSONIAN  BUILDINO. 

In  continuing  much  needed  improvements  in  the  east  wing  of  tlie 
Smithsonian  building,  especially  with  a  view  to  better  light  and  venti- 
lation, the  lighting  of  the  rooms  on  the  first  floor  occupied  by  the 
library,  has  been  greatly  improved  by  enlarging  the  window  frames  and 
replacing  the  small  diamond  panes  by  single  sheets  of  glass.  Similar 
changes  have  been  made  in  the  Secretary's  ofiQce,  on  the  second  floor,  as 
well  as  in  some  of  the  rooms  on  the  third  and  fourth  floors.  Several 
rooms  on  the  fourth  floor,  heretofore  of  no  use  except  for  storage,  have 
been  made  habitable  and  have  proved  useful  for  various  needed  pur- 
poses. 

The  sanitary  condition  of  the  building  has  been  improved  by  the 
removal  of  certain  objectionable  features  and  by  the  installation  of  a 
comprehensive  system  of  ventilation  by  which  pure  air  at  an  equable 
temperature  is  assured  in  most  of  the  ofiQce  rooms.  Work  upon  this 
was  well  advanced  at  the  close  of  the  year. 

Another  great  improvement  added  during  the  year  is  the  introduc- 
tion of  electric  lights  in  all  the  offices  of  the  east  wing,  the  electric 
power  being  supplied  by  a  special  plant,  which,  with  the  ventilating 
apparatus,  has  been  placed  in  the  basement  of  the  south  tower,  where 
considerable  changes  were  made  for  their  accommodation. 

For  the  proper  heating  and  ventilation  of  the  Astro-physical  Observa- 
tory a  dry-air  duct  has  been  built  connecting  the  observatory  with 
the  systems  of  the  main  building. 

These  minor  repairs  which  I  have  thus  briefly  mentioned  have  made 
the  rooms  of  the  east  wing  much  better  adapted  to  use  as  offices. 

BESEABGH. 

In  pursuance  of  what  appears  to  be  an  essential  portion  of  the  origi- 
nal plan  for  the  organization  of  the  Institution,  that  its  secretary 
should  be  exi>ected  to  personally  contribute  to  the  advancement  of 
knowledge,  whether  in  letters  or  in  science;  I  have  given  such  time  aa 
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I  coiild  spare  from  engrossing  administrative  duties  to  the  prosecution 
of  two  independent  investigations  which  had  engaged  my  attention  for 
several  years  before  I  became  connected  with  the  Institution,  and  which 
I  believe  are  likely  to  lead  to  important  scientific  and  utilitarian  results. 
The  first  of  these  researches,  that  upon  the  solar  spectrum,  has  been 
carried  on  in  the  Astro-physical  Observatory,  and  to  it  I  have  referred 
more  at  length  in  the  account  of  the  observatory.  The  second 
research,  an  investigation  of  certain  physical  data  of  aerodynamics, 
has  been  continued  with  results  which  appear  to  be  approaching  the 
time  of  publication. 

Prof.  E.  W.  Morley's  investigations  on  the  density  of  oxygen  and 
hydrogen,  referred  to  in  previous  reports  as  aided  in  part  by  the  Insti- 
tution, have  been  completed,  and  his  memoir  is  now  in  press.  The 
atomic  weight  of  oxygen  may  be  called  the  base  upon  which  practically 
our  entire  system  of  atomic  weights  rests,  and  a  small  error  in  its 
measurement  becomes  large  by  multiplication  in  the  higher  parts  of  the 
atomic- weight  scale.  Hence  its  accurate  determination  is  of  funda- 
mental imx)ortance.  In  his  investigation  Professor  Morley  has  studied 
the  problem  by  two  methods: 

(1)  By  the  synthesis  of  water,  in  which  he,  for  the  first  time,  has 
achieved  completeness  by  actually  weighing  the  hydrogen,  the  oxygen, 
and  the  water  formed,  whereas  all  his  predecessors  took  one  or  another 
of  these  factors  by  difference. 

(2)  By  the  density  ratios  between  oxygen  and  hydrogen.  In  this 
method  he  has  weighed  the  gases  of  greater  purity  and  in  larger  quan- 
tity than  hitherto,  and  he  has  in  some  instances  operated  without  the 
intervention  of  stopcocks,  and  therefore  with  no  possibility  of  error  due 
to  leakage.  He  has  also,  as  a  correction  to  the  density  ratio,  redeter- 
mined the  composition  of  water  by  volume. 

By  both  methods  he  reaches  the  same  result:  0=15.879,  with  vari- 
ation in  the  fourth  decimal  place  as  between  the  two. 

The  valuable  balance  purchased  for  these  investigations  has  been 
returned  to  the  Institution. 

The  subscription  has  been  continued  for  20  copies  of  the  Astronom- 
ical Journal  as  a  slight  aid  to  its  x)ublication,  the  separate  numbers  of 
the  journal  being  sent  regularly  to  foreign  libraries  and  observatories 
as  exchanges  of  the  Institution. 

A  small  grant  was  made  to  Dr.  Carl  Barus  to  enable  him  to  continue 
certain  investigations. 

The  researches  that  I  have  here  referred  to  are  connected  altogether 
with  the  physical  sciences.  In  the  biological  sciences  I  may  refer  to  the 
work  of  the  occupants  of  the  Smithsonian  table  at  Naples,  though  the 
Institution's  work  in  this  field  has  been  largely  indirectly  provided 
throughits  connection  with  the  National  Museum.  Investigations  aided 
by  the  Hodgkiusfund  are  mentioned  elsewhere. 
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EXPLORATIONS. 


The  Institution  has  carried  on  some  interesting  ethnological  and 
natural-history  explorations  during  the  year,  as  noticed  in  detail  on 
other  pages  in  the  reports  on  the  l^ational  Museam  and  the  Bureaa  of 
Ethnology. 

I  will  here  call  special  attention  to  the  benefit  that  has  been  derived 
from  the  explorations  made  by  Dr.  William  L.  Abbott  and  by  Mr. 
William  Astor  Chanler  and  Lieut,  von  Hohnel  in  Africa  and  India. 
Many  valuable  ethnological  and  natural-history  objects  which  they 
have  collected  on  these  expeditions  have  been  courteously  placed  in  the 
National  Museum  as  additions  to  the  collection  they  had  previously  con- 
tributed. 

In  the  Azores  Prof.  William  Trelease  has  gathered  some  interesting 
natural-history  specimens. 

Lieut.  Wirt  Eobinson,  XJ.  S.  A.,  has  made  large  collections  of  mam- 
mals and  pottery  in  Florida,  and  Mr.  Mark  E.  Kerr  has  contributed  a 
collection  of  fossils  from  Ecuador. 

Explorations  have  been  continued  among  the  aboriginal  villages 
in  northeastern  Arizona.  Some  particularly  interesting  explorations 
were  made  in  Arizona  and  Sonora  (Mexico)  among  the  Papago  and  Seri 
Indians,  where  a  number  of  prehistoric  ruins  were  discovered  with 
extensive  irrigation  works,  and  studies  were  made  of  the  arts  and  cus- 
toms of  those  hitherto  little-known  Indians. 

Ethnological  researches  were  also  carried  on  among  the  Kathlamet 
Indians  of  the  lower  Columbia  region  and  among  the  Kiowa  and 
other  plains  Indians  in  Indian  Territory. 

Explorations  begun  during  May  in  the  Red  Bock  country,  southwest 
of  Flagstaff,  Ariz.,  by  Dr.  J.  Walter  Fewkes,  as  a  part  of  the  work  of 
the  Bureau  of  Ethnology,  have  resulted  in  the  discovery  of  a  group  of 
extensive  cliif  ruins  hitherto  unknown  to  archaeologists  and  not 
despoiled  by  white  men,  and  excavations  in  that  region  were  in  prog- 
ress at  the  close  of  the  fiscal  year. 

PUBLICATIONS. 

The  plan  of  organization  adopted  by  the  Begents  in  1847  contem- 
plated the  publication  of  a  series  of  reports  giving  an  account  of  the 
new  discoveries  in  science  and  of  the  changes  made  from  year  to  year 
in  all  branches  of  knowledge  not  strictly  professional,  and  a  second 
series  of  separate  treatises  on  subjects  of  general  interest,  consisting 
of  valuable  memoirs  translated  from  foreign  languages,  or  of  articles 
prepared  under  the  direction  of  the  Institution. 

Three  series  of  publications  have  actually  been  established,  the  Con- 
tributions to  Knowledge,  the  Miscellaneous  Collections,  and  the  Annual 
Reports,  the  first  two  being  printed  at  the  expense  of  the  Institution, 
vrLile  the  rex)orts  are  Government  documents.    The  Institution  also 
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issues  various  publications  through  the  National  Museum  and  the 
Bureau  of  Ethnology. 

Contributions  to  Knowledge, — No  memoir  of  the  Contributioos  to 
Knowledge  was  completed  during  the  present  year,  though  two  papers 
now  in  type  will  be  published  early  in  the  next  fiscal  year — one  of  these 
is  a  memoir  by  Professor  Morley  on  the  densities  of  oxygen  and 
hydrogen,  and  the  second  a  report  by  Drs.  J.  S.  Billings,  S.  Weir 
Mitchell  and  D.  H.  Bergey  on  investigations  carried  on  by  them,  under 
a  grant  from  the  Hodgkins  fund,  to  determine  the  nature  of  supposed 
poisonous  properties  of  expired  air. 

It  was  hoped  that  during  the  year  two  elaborate  memoirs,  on 
"Oceanic  ichthyology"  and  on  "Life  histories  of  North  American 
birds,"  mentioned  in  my  last  report,  would  be  published,  but  they  are 
not  yet  completed,  though  they  are  entirely  ready  for  presswork. 

Miscellaneous  Colleetions. — Five  papers  of  this  series  were  issued 
during  the  year,  besides  separates  of  the  several  scientific  papers  ecu- 
taiued  in  the  General  Appendix  of  the  Annual  Report. 

In  connection  with  the  system  of  meteorological  observations  estab- 
lished by  the  Smithsonian  Institution  about  1850,  a  series  of  meteoro- 
logical tables  was  compiled  by  Dr.  Arnold  Guyot,  at  the  request  of 
Secretary  Henry,  and  was  published  in  1852.  A  second  edition  was 
issued  in  1857,  and  a  third  edition,  with  further  amendments,  in  1859. 
Though  primarily  designed  for  meteorological  observers  reporting  to  the 
Smithsonian  Institution,  the  tables  were  so  widely  used  by  physicists 
that,  after  twenty-five  years  of  valuable  service,  the  work  was  again 
revised  and  a  fourth  edition  was  published  in  1884.  In  a  few  years  the 
demand  for  the  tables  exhausted  the  edition,  and  it  appeared  to  me 
desirable  to  recast  the  work  entirely,  rather  than  to  undertake  its  revi- 
sion again.  After  careful  consideration  I  decided  to  publish  a  new 
work  in  three  parts — Meteorological  Tables,  Geographical  Tables,  and 
Physical  Tables — each  representative  of  the  latest  knowledge  in  its 
field,  and  independent  of  the  others,  but  the  three  forming  a  homo- 
geneous series.  Although  thus  historically  related  to  Dr.  Guyot's 
Tables,  the  present  work  is  so  entirely  changed  with  respect  to  mate- 
rial, arrangement,  and  presentation  that  it  is  not  a  fifth  edition  of  the 
older  tables,  but  essentially  a  new  publication. 

The  first  volume  of  the  new  series  of  Smithsonian  Tables  (the  Meteor- 
ological Tables)  appeared  in  1893,  and  so  great  has  been  the  demand 
for  it  that  a  second  edition  has  already  become  necessary.  The  second 
volume  of  the  series  (the  Geographical  Tables)  was  published  during 
this  year.  It  was  prepared  by  Prof.  R.  S.  Woodward,  formerly  of  the 
United  States  Coast  and  Geodetic  Survey,  but  now  of  Columbia  Col- 
lege, New  York. 

The  manuscript  of  the  Physical  Tables,  prepared  by  Prof.  Thomas 
Gray,  has  been  sent  to  the  printer  and  some  progress  made  toward  its 
publication.  This  work  will  form  the  third  volume  of  Smithsonian 
Tables. 
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lu  coiitiuuation  of  the  series  of  indexes  to  chemical  literatare,  pre- 
pared auder  the  direction  and  on  the  recommendation  of  a  committee 
of  the  American  Association  for  the  Advancement  of  Science,  three 
additional  pamphlets  have  been  issued,  entitled  Indexes  to  the  Litera- 
tures of  Cerium  and  Lanthanum,  by  W.  H.  Magee,  Ph.  D.;  Index  to 
the  Literature  of  Didymium,  by  A.  C.  Langmuir,  Ph.  D.;  and  Bibli- 
ography of  Aceto  Acetic  Ester,  by  Paul  H.  Seymour,  M.  S. 

One  of  the  treatises  in  the  Miscellaneous  Collections  published  during 
the  year,  entitled  The  Varieties  of  the  Human  Species,  by  Giuseppe 
Sergi,  a  translation  of  that  author's  work,  Le  Variety  Umane,  Principi 
e  metodo  di  Classificazione,  Torino,  1893,  sets  forth  quite  fully  his 
doctrines  of  craniology,  elaborating  a  plan  for  a  classification  of  human 
species  based  on  shapes  of  the  crania. 

As  a  special  publication  of  the  Institution  there  was  issued  a  Diary 
of  a  Journey  through  Mongolia  and  Tibet  in  1891  and  1892,  by  Mr. 
William  Woodville  Bockhill.  It  is  an  octavo  volume  of  443  pages, 
illustrated  by  13  text  figures  and  28  plates,  together  with  a  large  map 
on  a  scale  of  32  miles  to  the  inch,  showing  the  route  traversed  and  the 
topographic  features  of  those  little-known  regions.  The  journey  was 
undertaken  partly  under  the  auspices  of  the  Smithsonian  Institution. 
In  addition  to  much  valuable  information  gathered  concerning  the 
characteristic  features  of  those  countries,  Mr.  Bockhill  made  some  very 
interesting  ethnological  collections  for  the  National  Museum,  which  are 
described  in  detail  in  one  of  the  accompanying  papers  of  the  Museum 
Report  for  1893. 

A  revised  edition  of  the  Catalogue  of  Scientific  and  Technical  Peri- 
odicals (1665-1882),  published  by  the  Institution  in  1885,  is  being  pre- 
pared under  the  direction  of  Dr.  H.  C.  Bolton.  In  this  new  work  the 
periodicals  in  the  former  edition  will  be  continued  to  1895,  and  new  publi- 
cations will  be  added,  making  the  catalogue  as  near  as  x)ossible  complete 
to  the  time  of  printing. 

A  supplement  totheBibliography  of  Chemistry,  1492-1892,  published 
in  1893,  is  being  prepared  by  Dr.  Bolton,  with  the  assistance  of  several 
collaborators  in  £urox)ean  libraries,  and  will  bring  the  work  down  as 
near  as  practicable  to  date. 

Annual  RepwrU. — The  Smithsonian  Annual  Beportis  the  only  public 
document  published  by  the  Institution,  and  the  greater  portion  of  the 
eiUtion  is  distributed  through  the  document  rooms  of  the  Senate  and 
House  of  Bepresentatives.  It  is  in  two  volumes — the  first  devoted  to 
the  Institution  proper  and  the  second  part  relating  to  the  National 
Museum.  The  General  Appendix  of  Part  I  consists  of  selected  memoirs 
of  a  special  interest  and  permanent  value  which  have,  for  the  most  part, 
already  appeared  elsewhere,  and  which  are  sufBiciently  untechnical  to 
be  interesting  to  the  general  reader. 

The  Annual  Beport  of  the  Institution  for  1893  and  of  the  National 
Museum  for  1892  were  received  from  the  Public  Printer  and  distributed 
daring  the  year,  and  the  Museum  report  for  1893  was  nearly  completed* 
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The  manuscript  of  both  yolames  of  the  report  for  1894  has  been  sent 
to  the  printer,  and  some  progress  made  toward  their  publication. 

The  secretary's  report  for  the  year  ending  Jane  30, 1894,  was  sub- 
mitted in  printed  form  to  the  Board  of  Begents  at  their  January  meeting. 

Proceedings  and  bulletin  of  the  National  Museum. — ^The  publications 
of  the  Museum  are  discussed  on  another  page,  and  therefore  need  no 
reference  here  other  than  to  mention  that  there  were  issued  fifty-sii 
separate  papers  of  the  proceedings,  chiefly  on  natural-history  subjects, 
and  one  number  of  the  bulletin  series,  of  interest  chiefly  to  entomolo- 
gists. 

Bureau  of  Ethnology  publications. — ^The  eleventh  and  twelfth  annual 
reports  of  the  Bureau  of  Ethnology  were  published  during  the  year, 
and  the  thirteenth  report  was  put  in  type,  while  the  manuscript  of  the 
fourteenth  and  fifteenth  reports  have  been  sent  to  the  printer,  thus 
bringing  the  work  practically  to  date.  The  contents  of  the  published 
volumes,  as  also  mention  of  several  papers  of  the  bulletin  series,  are 
discussed  on  subsequent  pages. 

LIBRARY. 

The  growth  of  the  library  steadily  continues,  31,953  titles  having  been 
added  during  the  past  year.  Among  the  more  notable  accessions,  I 
may  mention  a  collection  of  albums  of  photographs  presented  by  the 
Sultan  of  Turkey,  which  portray  the  natural  scenery,  the  art,  education, 
industries,  and  government  of  the  Ottoman  Empire. 

It  has  been  possible  to  improve  the  light  in  the  reading  room  of  the 
library  offices  and  to  assign  another  small  room  to  the  library,  and  a 
small  collection  of  wholesome  popular  literature  has  been  commenced 
for  the  use  of  the  employees  of  the  Institution. 

The  results  of  the  plan  to  increase  the  library  by  exchange,  detailed 
in  my  report  for  1887-88,  have  been  carefully  tabulated  with  a  view  to 
the  completion  of  incomplete  sets  of  periodicals  and  the  publications  of 
learned  societies,  and  to  further  additions  to  the  already  large  list. 

This  plan  has  thus  far,  after  seven  years'  labor,  secured  for  the  Insti- 
tution 2,035  new  periodicals  and  the  entire  or  partial  completion  of 
1,133  defective  series. 

The  tabulation  shows  that  the  Institution  now  possesses  869  complete 
sets  of  foreign  publications  and  395  of  American  publications,  whUe 
888  sets  of  foreign  publications  and  569  sets  of  American  publications 
are  as  complete  as  the  publishers  are  able  to  make  them. 

The  collection  of  scientific  and  other  periodicals  possessed  by  the 
Institution  is  now  probably  the  largest  in  the  English-speaking  world — 
numbering,  approximately,  4,000.  Many  of  these  are  no  longer  pub- 
lished, and  in  some  cases  the  exchange  is  discontinued.  At  present 
there  are  currently  received  3,045;  of  these,  1,372  are  in  the  English 
language,  621  in  German,  and  423  in  French,  the  remainder  represent- 
ing almost  all  the  languages  of  civilized  nations,  and  including  publi- 
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cations  even  in  modern  Greek,  Japanese,  and  Arabic.  There  are  825 
annuals,  397  quarterlies,  670  monthlies,  and  the  remainder  are  issued 
at  different  intervals  or  irregularly.  A  portion  are  for  the  present 
retained  for  reference,  but  are  ultimately  designed  for  the  Smithsonian 
deposit  at  the  Library  of  Congress.  It  is  my  desire  that  the  Institution 
shall  keep  abreast  of  the  ever-growing  number  of  scientific  periodicals 
and  journals  and  of  the  publications  of  societies  cultivating  the  various 
branches  of  science.  The  work  is  never  ending,  and  the  preparation  of 
new  lists  and  correspondence  for  exchange  and  revision  are  constantly 
going  on. 

The  time  is  now  not  far  distant  when  an  adequate  provision  will  be 
made  for  the  major  x>ortion  of  the  Smithsonian  library,  which  is,  in 
accordance  with  the  act  of  1865,  dei)osited  with  the  Library  of  Con- 
gress. The  Librarian  cf  Congress  states  that  the  Smithsonian  library 
will  be  arranged  in  a  separate  stack  of  the  new  building,  now  completed 
and  rapidly  approaching  the  time  when  it  will  be  habitable,  and  that  a 
special  reading  room,  convenient  to  the  main  reading  room  and  the 
stack,  will  be  provided.  It  may  be  suitable  to  mention,  in  connection 
with  the  library,  the  fact  that  the  Institution  is  now,  as  it  has  been 
from  its  inception,  heartily  interested  in  the  publication  of  bibliograph- 
ical memoirs  and  in  the  general  subject  of  the  bibliography  of  science. 

During  the  past  year  I  have  been  informed  of  a  project  of  the  Eoyal 
Society  for  the  preparation  of  a  bibliography  of  science,  beginning 
with  the  year  1900,  and  some  correspondence  on  this  important  subject 
ha8  taken  place  between  the  BoyaJ  Society  and  the  Institution.  At 
the  present  writing  no  definite  result  has  been  reached. 

HODGKINS  FUND. 

It  is  gratifying  to  the  institution  to  note  the  wide  interest  taken  in 
the  Hodgkins  fund  prizes  which  were  offered  for  certain  essays  upon 
the  properties  of  atmospheric  air,  in  accordance  with  the  wishes  of  the 
donor  of  the  fund,  Mr.  Thomas  G.  Hodgkins. 

The  recent  discoveries  made  upon  the  composition  of  atmospheric  air 
have  been  most  imx)ortant,  and  researches  now  in  progress  seem  to 
promise  still  further  additions  to  the  knowledge  of  our  atmosphere. 

It  will  be  remembered  that  three  prizes  were  offered — one  for  $10,000, 
one  for  $2,000,  and  one  for  $1,000;  the  terms  of  competition  being  stated 
in  a  circular  issued  by  the  Institution  in  1893  and  printed  in  full  in  my 
report  for  that  year. 

For  reasons  stated  in  a  circular  issued  in  June,  1894,  the  time  for 
submitting  memoirs  in  competition  for  the  Hodgkins  fund  prizes  was 
extended  from  July  1  to  December  31, 1894,  and  resulted  in  a  consid- 
erable increase  in  the  number  of  papers,  so  that  the  total  number  up  to 
December  31, 1894,  was  218. 

It  is  interesting  to  note  the  various  countries  that  participated  in 
this  competition:  the  United  States  contributing  66  memoirs,  France 
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40,  Gennany  ^,  England  19,  Italy  8,  Bnssia  6,  Austria-HangaiyO,  and 
Denmark  4;  the  other  countries  represented  were  Belgium,  Scotland, 
Ireland,  Norway,  Bohemia,  Finland,  Spain,  Bavaria,  Switzerland, 
Servia,  India,  Canada,  Mexico,  and  Argentina. 

As  soon  as  the  competition  was  closed  the  following  circular  was 
sent  to  all  participants,  and  was  published  in  several  of  the  leading 
scientific  journals: 

Smithsonian  Institution. 

hodgkins  prizes. 

Washington,  January  10, 1895. 

Sir  :  The  time  for  the  reception  of  treatises  or  essays  offered  in  com- 
petition for  the  Hodgkins  fund  prizes  of  $10,000,  of  $2,000,  and  of 
$1,000,  respectively,  closed  on  the  Slst  of  December,  1894,  and  all 
papers  so  offered  are  now  in  the  hands  of  the  committee  of  award. 

In  view  of  the  very  large  number  of  competitors,  of  the  delay  which 
will  be  necessarily  caused  by  the  intended  careful  examination,  and  of 
the  further  time  which  may  be  required  to  consult  a  European  advisory 
committee,  if  one  be  appointed,  it  is  announced  that  authors  are  now 
at  liberty  to  publish  these  treatises  or  essays  without  prejudice  to  their 
interest  as  competitors. 

Very  respectfully,  S.  P.  Lanoley, 

Secretary  of  the  Smithsonian  Institution, 

The  circular  was  also  issued  in  French,  as  follows: 

Institut  Smithsonien. 
prix  hodgkins. 

Washington,  le  10  Janvier  1895. 

Monsieur  :  Le  terme  flx6  pour  la  reception  des  trait^s  on  des  essais 
soumis  au  concours  du  fonds  Hodgkins,  pour  les  prix  de  10,000,  2,000, 
et  1,000  dollars,  est  expir^  le  31  d^cembre  1894  et  tons  les  ouvrages 
present^s  sent  actuellement  entre  les  mains  de  la  commission  des 
recompenses. 

En  raison  du  tr^s-grand  nombre  de  concurrents,  du  d^lai  qu'entrai- 
nera  I'examen  s^rieux  que  Ton  compte  faire,  et  du  temps  qui  pourniit 
etre  exig^  jwur  prendre  Pavis  du  comit6  consultatif  d'Europe,  s'il  en 
est  nomm^  un,  il  est  donn6  avis  que  ces  trait^s  ou  essais  pourront 
maintenant  etre  publics  par  leurs  auteurs  en  toute  liberty  et  sans  que 
leurs  iut<§r^ts  de  concurrents  en  soient  atteints. 

S.  P.  Langlby, 
Secretary  of  the  Smithsonian  Institution, 

The  committee  of  award  was  composed  of  Dr.  S.  P.  Langley,  chair- 
man, ex  oflBcio;  Dr.  G.  Brown  Goode,  Assistant  Secretary  of  the  Smith- 
sonian Institution;  Asst.  Surg.  Gen.  John  S.  Billings,  United  States 
Armj'^;  and  Prof.  M.  W.  Harrington,  Chief  of  the  United  States  Weather 
Bureau. 

The  foreign  advisory  committee  was  represented  by  Mons.  J.  Janssen, 
Prof.  T.  H.  Huxley,  and  Professor  von  Helmholtz;  and  after  the  death 
of  the  latter,  Dr.  W.  von  Bezold  was  added. 
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Immediately  upon  the  close  of  the  competition  the  award  committee 
began  examinatiou  of  the  papers^  and  at  the  end  of  the  fiscal  year  had 
practically  completed  their  labors.  Although  the  awards  were  not 
fonnally  aniionnced  nntil  August  9,  yet  in  view  of  the  importance 
and  opportuneness  of  the  subject  it  seems  proper  to  include  the  com- 
mitters rei)ort  in  my  report  for  this  year. 

Report  of  the  committee  appointed  by  the  Smithsonian  Institution  to  award 

the  Hodgkins  fund  prizes. 

The  committee  of  award  for  the  Hodgkins  prizes  of  the  Smithsonian 
Institution  has  completed  its  examination  of  the  218  papers  submitted 
in  competitiou  by  contestants. 

The  committee  is  composed  of  the  following  members : 

Dr.  S.  P.  Langley,  chairman,  ex-officio;  Dr.  G.  Brown  Goode,  appointed 
by  the  Secretary  of  the  Smithsonian  Institution;  Asst.  Surg.  Gen.  John 
S.  Billings,  by  the  president  of  the  National  Academy  of  Sciences ;  Prof. 
M.  W.  Harrington,  by  the  president  of  the  American  Association  for 
the  Advancement  of  Science. 

The  foreign  advisory  committee,  as  first  constituted,  was  represented 
by  Mods.  J.  Janssen,  Prof.  T.  H.  Huxley, and  Professor  von  Helmholtz; 
and  after  the  recent  loss  of  the  latter,  Dr.  W.  von  Bezold  was  added. 
After  consultation  with  these  eminent  men,  the  committee  decided  as 
follows: 

First  prize,  of  $10,000,  for  a  treatise  embodying  some  new  and 
important  discoveries  in  regard  to  the  nature  or  properties  of  atmos- 
pheric air,  to  Lord  liayleigh,  of  London,  and  Prof.  William  Eamsay,  of 
the  University  College,  London,  for  the  discovery  of  argon,  a  new  ele- 
ment of  the  atmosphere. 

The  second  prize,  of  $2,000,  is  not  awarded,  owing  to  the  failure  of 
any  contestant  to  comply  strictly  with  the  terms  of  the  offer. 

The  third  prize,  of  $1,000,  to  Dr.  Henry  de  Varigny,  of  Paris,  for  the 
best  popular  treatise  upon  atmospheric  air,  its  properties  and  relation- 
ships.   Dr.  de  Varigny's  essay  is  entitled  "  L'Air  et  la  Vie.'' 

S.  P.  L ANGLE Y. 

G.  Brown  G     oe. 

J.  S.  BiLLIN      . 

Mabk  W.  Harrington. 
Washington,  August  P,  1895. 

Supplementary  report  of  the  committee  appointed  by  the  Smithsonian 

Institution  to  award  the  Hodgkins  fund  prizes. 

After  having  performed  the  function  to  which  the  committee  was 
called,  as  announced  by  the  circular  of  the  secretary  of  the  Smith- 
8onian  Institution,  dated  March  31, 1893,  which  function  did  not  include 
the  award  of  any  medals,  there  remained  several  papers  to  which  the 
committee  had  been  unable  to  give  any  prize,  but  to  which  they  had 
felt  desirous  to  give  some  honorable  mention,  and  on  their  representing 
this  to  the  Smithsonian  Institution,  they  have  been  commissioned  to  do 
so  and  also  to  give  certain  medals  of  silver  and  bronze  which  had  been 
subsequently  placed  at  their  disi)osition. 

The  committee  has  decided  that  honorable  mention  should  be  made 
of  the  papers,  twenty-one  in  number,  included  in  the  following  list, 
which  also  gives  the  full  names,  titles,  and  addresses  of  the  authors  and 
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the  mottoes  or  pseudonyms  which  in  four  instances  were  employed.  To 
three  of  the  papers  a  silver  medal  is  awarded,  and  to  six  a  bronze 
medal: 

Honorable  mention  tcith  silver  medal, — Prof.  A.  L.  Herrera  and  Dr. 
Vergara  Lopez,  of  the  City  of  Mexico,  ^'  La  Atmosfera  de  las  altitudes 
y  el  bienstar  del  hombre;"  Mr.  C.  L.  Madsen  ("Geo")  Helsingor,  near 
Copenhagen,  Denmark,  "Thermogeographical  studies;"  Mr.  F.  A.  R. 
Eussell,  of  London,  vice-president  of  the  Royal  Meteorological  Society 
of  Great  Britain,  ^^The  atmosphere  in  relation  to  human  life  and  health." 
Honorable  mention^  with  bronze  medal. — M.  B.  Deberaux-Dex  and  M. 
Maurice  Dibos  ("Spes"),  of  JEtouen,  France,  "fitudes  des  courants 
a^riens  continentaux  et  de  leur  utilisation  par  des  aerostats  long-cour- 
riers;"  Dr.  O.  Jesse,  of  Berlin,  **Die  leuchtenden  Nachtwolken ; "  Dr. 
A.  Loewy,  of  Berlin,  "  Untersuchungen  iiber  die  Respiration  und  Cir- 
kulation  unter  verdiinnter  und  verdichteter  sauerstoffarmer  und  saer- 
stoflfreicher  Lufb; "  Mr.  Alexander  McAdie  ("  Dalgetty  ")^  of  Washington, 
"The  known  properties  of  atmospheric  air  considered  m  their  relation- 
ships to  research  in  every  department  of  natural  science,  and  the 
importance  of  a  study  of  the  atmosphere  considered  in  view  of  these 
relationships;  the  proper  direction  of  future  research  in  connection 
with  the  imperfections  of  our  knowledge  of  atmospheric  air  and  the 
conditions  of  that  knowledge  with  other  sciences;"  Mr.  Hiram  S. 
Maxim,  of  Kent,  England,  "Natural  and  artificial  flight; ''  Dr.  Franz 
Oppenheimer  and  Dr.  Carl  Oppenheimer  ("E  pur  si  muove"),  of  Berlin, 
"  (Jeber  atmospharische  Luft,  ihre  Eigeuschaften  und  ihren  Zusammen- 
hang  mit  dem  menschlichen  Leben." 

Honorable  mention. — Mr.  E.  C.  C.  Baly,  of  University  College,  Lon- 
don, "The  decomposition  of  the  two  constituents  of  the  atmosphere  by 
means  of  the  passage  of  the  electric  spark;"  Prof.  F.  H.  Bigelow,  of 
Washington,  "  Solar  and  terrestrial  magnetism  and  their  relation  to 
meteorology;"  Dr.  J.  B.  Cohen,  of  Yorkshire  College,  Leeds,  England, 
**The  air  of  towns;"  Dr.  F.  J.  B.  Cordeiro,  U.  S.  N.,  of  Washington, 
*'Hypsometry;"  Prof.  Emile  Duclaux,  of  the  French  Institute,  Paris, 
France,  "Sur  I'actinom^trie  atmosph(3rique  et  sur  la  constitution 
actinique  de  Patmosph^re;"  Professor  Doctor  Gieseler,  of  Bonn,  Ger- 
many, "Mittlere  Tagestemperaturen  von  Bonn,  1848-1888;"  Dr.  Ludwig 
Ilosvay  von  Nagy  llosva,  professor  in  the  Royal  Joseph  Polytechnic 
School,  Budapest,  Hungary,  "Ueber  den  unmittelbar  oxydirenden 
Bestandtheil  der  Luft;"  Dr.  A.  Magelssen,  of  Christiania,  Norway, 
*'  Ueber  den  Zusaminenhang  und  die  Verwandschaft  der  biologischen, 
meteorologischen  und  kosmischen  Erscheinungen ; "  Dr.  A.  Marcuse,  of 
the  Royal  Observatory,  Berlin,  "Die  atmospharische  Luft;"  Pro£  C. 
Nees,  of  the  Polytechnic  School,  Copenhagen,  Denmark,  "The  use  of 
kites  and  chained  air  balloons  for  observing  the  velocity  of  winds,  etc. ;" 
Surg.  Charles  Smart,  TJ.  S.  A.,  of  Washington,  "An  essay  on  the 
properties,  constitution,  and  impurities  of  atmospheric  air,  in  relation 
to  the  promotion  of  health  and  longevity;"  Dr.  F.  Viault,  of  the  Fac- 
ulty of  Medicine,  Bordeaux,  France,  "Decouverte  d'une  nouvelle  et 
importante  propri<§t6  physiologique  de  I'air  atmosph<^rique.  (Action 
h^matogene  de  Fair  rar^fi^)." 

S.  P.  Langley. 

G.  Brown  Goode. 

J.  S.  Billings. 

Mark  W,  Harrington. 
Washington,  August  9j  1895. 
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Immediately  after  the  annonncement  of  the  award  of  the  first  prize 
to  Lord  Eayleigh  and  Professor  Ramsay,  of  London,  for  their  discovery 
of '^  argon,"  an  element  of  the  atmosphere,  a  draft  for  $10,000  was 
despatched  to  these  gentlemen,  through  the  courtesy  of  the  Department 
of  State^  and  of  the  Hon.  Thomas  F.  Bayard,  United  States  ambassador 
to  Great  Britain. 

With  regard  to  other  work  carried  on  by  the  Hodgkins  fund,  I  may 
state  that  Dr.  J.  S.  Billings  and  Dr.  S.  Weir  Mitchell  have  completed 
the  investigations  begun  by  them  in  1893,  under  a  grant  &om  the 
Hodgkins  fund,  to  determine  the  nature  of  the  peculiar  substances  of 
organic  origin  contained  in  the  air  expired  by  human  beings,  and  their 
report  is  now  in  press. 

In  their  report  the  investigators  state  that  for  a  number  of  years 
prior  to  1888  the  prevailing  view  among  physicians  and  sanitarians 
had  been  that  the  discomfort  and  dangers  to  health  and  life  which  had 
been  known  to  exist,  sometimes  at  least,  in  unventilated  rooms  occu- 
pied by  a  number  of  human  beings  were  largely  or  entirely  due  to 
peculiar  organic  matters  contained  in  air  expired  by  these  persons,  and 
that  the  increase  in  carbonic  acid  due  to  respiration  had  but  little  effect 
in  producing  these  results,  its  chief  importance  being  that  it  furnished 
a  convenient  means  of  determining  the  amount  of  vitiation  of  the  air. 
Recently,  however,  several  experimenters  have  concluded  that  the 
organic  matters  in  the  exhaled  breath  are  not  harmful,  at  all  events  to 
animals,  and  the  main  object  of  the  investigations  was  to  determine 
the  correctness  of  these  conclusions. 

The  investigators  found  that  the  air  in  inhabited  rooms,  such  as  the 
hospital  ward  in  which  experiments  were  made,  is  contaminated  from 
many  sources  besides  the  expired  air  of  the  occupants,  and  that  the 
most  imx>ortant  of  these  contaminations  are  in  the  form  of  minute  par- 
ticles or  dust,  in  which  there  are  micro-organisms,  including  some 
of  the  bacteria  which  produce  inflammation  and  suppuration.  It  is 
probable  that  these  dust  particles  were  the  only  really  dangerous  ele- 
ments in  the  air,  and  it  appears  improbable  that  there  is  any  peculiar 
volatile  poisonous  matter  in  the  air  exirired  by  healthy  men  and  ani- 
mals other  than  carbonic  acid. 

In  concluding  their  report  the  authors  state  that  the  results  of  the 
investigations,  taken  in  connection  with  the  results  of  other  researches 
sammarized  in  the  report,  indicate  that  some  of  the  theories  upon  which 
modern  systems  of  ventilation  are  based  are  either  withont  foundation 
or  doubtful,  and  that  the  problem  of  securing  comfort  and  health  in 
inhabited  rooms  requires  the  consideration  of  the  best  methods  of  pre- 
venting or  disposing  of  dusts  of  various  kinds,  of  properly  regulating 
temperature  and  moisture,  and  of  preventing  the  entrance  of  poisonous 
gases  like  carbonic  oxide  derived  from  heating  and  lighting  apparatus, 
rather  than  upon  simply  diluting  the  air  to  a  certain  standard  of  pro- 
portion of  carbonic  acid  present. 


16  REPORT   OF   THE    SECRETARY. 

The  work  of  Dr.  O.  Lummer  and  Dr.  E.  Pringsheim,  under  a  grant  from 
the  Bodgkins  fond,  on  the  determination  of  an  exact  measore  of  the 
cooling  of  gases  while  expanding,  with  a  view  to  revising  the  valae  of 
that  important  constant  technically  termed  the  '* gamma"  fonction, 
was  referred  to  in  my  last  report. 

The  limitations  of  the  fund  have  rendered  it  necessary,  with  slight 
exceptions,  to  postpone  farther  action  on  requests  for  grants,  although 
it  is  hoped  that  it  will  prove  practicable  at  a  later  date  to  aid  certain 
important  researches  which  are  under  consideration. 

A  design  for  the  Hodgkins  fund  medal  of  the  Institution  was 
decided  upon  in  May,  1895,  and  the  preparation  of  the  dies  has  been 
ordered. 

AVERY  FUND. 

Mr.  Bobert  Stanton  Avery,  of  Washington  City,  died  September  12, 
1894,  bequeathing  the  greater  portion  of  his  estate  to  the  Smithsonian 
Institution.  The  estate  has  not  yet  been  fully  administered  upon,  and 
I  am  therefore  unable  to  state  the  exact  amount  of  the  fund. 

OORBESPONDENOE. 

Besides  the  very  voluminous  routine  and  business  correspondence  of 
the  National  Museum,  or  special  correspondence  of  the  Bureau  of  Eth- 
nology^  of  the  Zoological  Park,  and  of  the  Bureau  of  Exchanges,  a  great 
number  of  letters  come  directly  to  the  Secretary's  ofQce  from  all  parts  of 
the  country,  on  every  imaginable  subject  that  can  by  any  possibility 
be  supposed  to  have  a  relation  to  science.  Requests  for  statistics  that 
may  be  of  great  value  and  imx)ortance  to  the  writer,  inquiries  from 
teachers  and  others,  are  constantly  received,  and  it  is  still  my  aim  that 
this  correspondence  shall  receive  the  same  careful  attention  that  was 
bestowed  upon  it  in  the  early  days  of  the  Institution ,  when  the  num- 
ber of  letters  received  formed  but  a  small  fraction  of  the  present  num- 
ber; but  it  will  be  understood  that  the  fulfilment  of  this  aim  grows 
increasingly  difficult.  An  effort  is  made  to  give  a  full  reply  to  all  such 
inquiries,  often  involving  a  large  amount  of  labor  on  the  part  of  the 
curators,  as  well  as  of  those  immediately  occupied  with  the  correspond- 
ence of  the  Institution,  out  of  proportion  to  the  merits  of  the  case. 

Of  the  more  important  correspondence  of  the  Secretary's  office,  3,601 
entries  were  made  in  the  registry  book  of  letters  received  during  the 
year,  while  double  that  number  of  letters  were  received  and  referred  to 
the  different  bureaus  of  the  Institution  in  the  same  time.  A  modification 
of  the  system  of  registry  was  introduced  on  January  1, 1895,  by  which 
each  letter  receives  an  arbitrary  number  indicating  the  date  of  the 
letter  and  a  subsidiary  number  giving  the  order  of  entry  on  that  day. 

The  card  index  of  letters  received  and  written  is  now  complete  from 
January  1, 1892,  to  the  present  day,  constituting  the  current  file.  The 
coiTespondence  prior  to  the  current  file  has  been  placed  in  the 
archives,  and  the  index  to  the  files  is  now  practically  complete. 
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As  t  have  elsewhere  remarked,  this  work  of  the  lustitation  could  be 
much  expedited,  as  far  as  the  purely  clerical  part  of  it  is  concerned, 
were  an  appropriation  available  for  the  general  administrative  pur- 
poses to  whicli  I  have  referred  more  at  length  under  ^^Administration." 

MISCELLANEOUS. 

Naples  table.— Dr.  J.  S.  Billings,  U.  S.  A.,  Dr.  E.  B.  Wilson,  Dr.  J.  A. 
Ryder,  and  Dr.  C.  W.  Stiles,  as  an  advisory  committee,  have  continued 
valuable  aid  in  examining  the  testimonials  of  applicants  for  the  occu- 
pancy of  the  Naples  table,  as  well  as  in  the  consideration  of  various 
questions  in  connection  with  the  assignment  of  the  table,  to  which  I  have 
asked  attention.  Dr.  Eyder  died  in  April,  1895,  and  was  succeeded  on 
the  committee  by  Dr.  Harrison  Allen. 

The  Smithsonian  table  at  the  Naples  Zoological  Station  has  proved  of 
value  to  the  investigators  who  have  carried  on  biological  studies  there 
during  the  year. 

Among  the  numerous  additional  applications  for  occupancy  of  the 
table  the  following  have  been  favorably  acted  upon : 

Lewis  Murbach,  Ph.  B.,  B.  Sc,  University  of  Michigan;  appointed 
for  three  months  during  summer  and  autumn  of  1894. 

T.  H.  Morgan,  B.  S.,  Ph.  D.,  Johns  Hopkins  University;  appointed 
for  six  months,  November  9, 1894,  to  May  9, 1895. 

Herbert  Osborn,  professor  of  zoology  and  entomology,  Iowa  Agricul- 
tural College ;  appointed  for  three  months  in  spring  and  summer  of  1804. 

The  table  has  been  occupied  constantly  since  October  1, 1893,  the  date 
of  the  first  apix)intment,  with  the  exception  of  May,  1894.  In  several 
instances  Dr.  Dohm,  the  director  of  the  station,  has  courteously 
arranged  for  the  accommodation  of  two  occupants  at  the  same  time. 

In  order  that  all  investigators  may  be  given  an  equal  opportunity  to 
avail  themselves  of  the  facilities  for  study  at  Naples,  final  action  upon 
applications  is  not  taken  more  than  six  months  in  advance  of  the  date 
for  which  the  table  is  desired,  and  when  more  than  one  application  is 
filed  for  the  same  period,  presumably  of  equal  merit,  the  assignment  is 
made  according  to  priority  of  application.  No  api)ointment  is  made  for 
a  period  of  more  than  six  months. 

The  reports  thus  far  submitted  by  the  investigators  who  have  occu- 
pied the  table  indicate  an  appreciation  of  the  special  privileges  there 
offered  for  study. 

Atlanta  Uxposition. — Under  the  provisions  of  an  appropriation  made 
by  Congress  for  a  Government  exhibit  at  the  Gotten  States  and  Inter- 
national Exposition  at  Atlanta,  during  the  autumn  of  1895,  a  very 
satisfactory  exhibit  has  been  prepared,  illustrating  every  phase  of  the 
activities  of  the  Institution  and  its  bureaus,  especially  the  National 
Museum. 

Oriental  Congress, — As  delegate  of  the  Smithsonian  Institution  Prof. 
Paul  Haupt  attended  the  Tenth  International  Congress  of  Oriental- 
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ists,  held  at  Geneva,  Switzerland,  September  3-12, 1894.  Besides  the 
Smithsonian  the  following  American  institutions  and  learned  societies 
were  represented  by  delegates :  Colambia  College,  Cornell  CTniversity, 
Johns  Hopkins  University,  University  of  Minnesota,  University  of 
Pennsylvania,  American  Oriental  Society,  American  Philosophical 
Society,  Bureau  of  Education.  The  Congress  was  opened  by  the  Pres- 
ident of  the  Swiss  Republic,  Colonel  Frey.  The  president  of  the  con- 
gress was  the  well-known  Geneva  egyptologist,  M.  Edoaard  l^aville. 
The  work  of  the  congress  was  organized  in  eight  sections:  India,  lin- 
guistics and  Aryan  languages,  Semitic  languages,  Mohammedan  lan- 
guages, Egypt  and  African  languages.  Extreme  East,  Greece  and  the 
Orient,  Oriental  geography  and  ethnography.  There  were  altogether 
about  600  members  (about  100  of  whom  were  ladies),  representing 
Africa,  America,  Asia,  and  16  European  countries.  More  than  275 
(about  60  ladies)  were  present,  not  including  those  living  at  Geneva. 
Of  the  28  American  subscribers  (including  5  ladies),  12  (4  ladies) 
attended  the  congress.  Papers  were  read  by  the  following  American 
members;  Haupt,  Jackson,  Merriam,  Eogers. 

At  the  first  meeting  of  the  first  section  the  great  Sanskrit  scholar  of 
the  University  of  Berlin,  Prof.  A.  Weber,  referred  to  the  death  of  Pro- 
fessor Whitney,  and  the  proposition  of  the  president  of  the  section, 
Lord  Eeay,  to  send  a  resolution  of  respect  and  condolence  to  Mrs. 
Whitney,  was  unanimously  adopted. 

The  Eleventh  International  Congress  of  Orientalists  will  be  held  at 
Paris  in  1897. 

Archives, — The  special  room  set  apart  on  the  fourth  floor  for  the  bet- 
ter arrangement  of  the  valuable  archives  of  the  Institution  has  proved 
of  great  convenience,  as  there  is  frequent  necessity  for  reference  to  the 
early  correspondence  files,  or  to  other  records. 

Assignment  of  rooms. — A  room  in  the  basement  of  the  east  wing, 
which  has  been  specially  fitted  up  with  piers  for  pendulum  experiments 
and  connected  by  telegraph,  through  the  Western  Union  Telegraph 
Company's  oflBce,  with  the  United  States  Naval  Observatory,  is  still 
reserved  for  the  occasional  use  of  the  olficers  of  the  United  States 
Coast  and  Geodetic  Survey. 

The  Astro-physical  Observatory  standard  clock  has  been  mounted 
in  the  room  adjoining,  where  it  is  protected  from  sudden  changes  in 
temperature  and  other  disturbances  to  which  it  would  be  liable  in  the 
observatory  building.  It  can  be  compared  with  the  Naval  Observa- 
tory time  signals,  and  provision  has  been  made  for  transmitting  its  own 
signals  to  any  part  of  the  Institution. 

History  of  James  Smithson. — Arrangements  are  in  progress  for  plac- 
ing bronze  tablets  on  Smitlison's  tomb  and  in  the  English  church  at 
Genoa,  in  memory  of  the  founder  of  the  Smithsonian  Institution. 

A  further  English  record  has  added  somewhat  to  the  knowledge  of 
Smithsou's  personal  family. 
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A  complete  set  of  the  publications  of  the  Institution  has  been  sent 
to  Pembroke  College,  Oxford,  where  Smithsou  received  bis  education. 

Portrait  of  Secretary  Baird, — The  Board  having  authorized  a  portrait 
of  Professor  Baird,  one  bas  been  paiuted  by  Mr.  Robert  (xordon  Hardie 
and  placed  in  the  Begents'  room  of  the  Institution. 

The  HamilUm  fund, — The  original  amount  of  $1,000,  the  bequest  of 
Mr.  James  Hamilton,  of  Pennsylvania,  received  by  tbe  Institution  in 
1874,  has  been  increased  during  the  year  to  $2,000  by  the  addition  of 
accumulated  interest,  under  authority  given  by  the  Regents  in  their 
meeting  of  January  23,  1895. 

American  Historical  Association, — ^The  annual  report  of  the  American 
Historical  Association  for  the  year  1894  has  been  transmitted  to  Con- 
gress through  the  Secretary  of  the  Institution,  in  accordance  with  the 
act  of  incorporation  of  the  association.  These  reports  are  Congressional 
documents  and  the  Institution  has  no  control  of  their  distribution. 

American  Medical  Association, — A  large  collection  of  medical  books, 
which  had  for  many  years  been  in  the  care  of  the  Institution  as  the 
property  of  the  American  Medical  Association,  bas  been  transferred 
by  the  association  to  the  Newberry  Library  in  Chicago. 

THE  NATIONAL  MUSEUM. 

In  my  last  annual  statement  I  pointed  out  three  conditions  which 
are  operating  to  seriously  retard  the  growth  of  the  National  Museum : 
First,  the  lack  of  space  for  the  installation  of  objects  which  should  be 
placed  on  exhibition ;  second,  the  unsymmetrical  growth  of  the  collec- 
tions: and  third,  the  fact  that  the  storage  of  collections  in  the  wooden 
sheds  south  of  the  Smithsonian  building,  as  well  as  in  the  basement  of 
the  building  itself,  is  most  undesirable  and  dangerous.  The  sum  of  $900, 
allowed  for  1896,  will  be  necessarily  expended  in  the  rental  of  shop 
and  storage  room  in  place  of  the  "Armory  building."  The  actually 
dangerous  wooden  sheds  must  therefore  remain  occupied  until  a  sum 
of  money  is  i)rovided  which  will  enable  me  to  discontinue  their  use 
altogether  by  renting  other  quarters,  removed  entirely  from  proximity 
to  the  Smithsonian  building. 

The  problem  of  even  providing  shelter  of  any  kind  for  the  vast 
amount  of  material  daily  received  from  persons  interested  in  the  growth 
and  work  of  the  Museum,  still  remains  unsolved.  The  Institution  is 
placed  in  an  embarrassing  position.  It  has  been  designated  by  law  as 
the  only  depository  of  collections  offered  to,  or  made  under  the  auspices 
of.  the  Government,  and  can  not,  under  the  law,  refuse  to  receive  them. 
The  fact  remains,  however,  that  when  accepted,  there  is  no  suitable 
place  in  which  to  store  them,  and  no  space  in  the  Museum  building  to 
exhibit  such  of  the  objects  as  should  properly  be  shown  to  the  public. 
As  1  have  already  pointed  out,  there  is  probably  no  museum  in  the 
world  in  which  so  small  a  proportion  of  the  objects  worthy  of  exhibition 
is  visible  to  tbe  public,  or  in  which  the  objects  exhibited  are  crowded 
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together  so  closely.  It  is  now  more  true  than  ever  that  if  another 
museum  building  as  large  as  the  present  one  were  provided,  it  could 
be  at  once  filled  with  specimens  already  on  hand. 

In  my  estimates  to  Congress  I  have  frequently  dwelt  upon  the  need 
of  larger  appropriations  for  the  preservation  of  the  collections,  but 
regret  to  say  that  no  substantial  increase  has  yet  been  made.  Indeed, 
the  amount  recently  appropriated  for  the  coming  year  (1895-96)  is 
nearly  $2,000  less  than  for  1892,  although  the  accessions  since  that 
time  have  already  amounted  to  more  than  375,000  specimens.  In  my 
estimates  for  1897,  recently  submitted  to  the  Secretary  of  the  Treasury, 
I  placed  stress  upon  the  fact  that  the  purchase  of  collections  is  now 
essential  for  the  completion  of  large  and  important  series,  the  deficien- 
cies in  which  can  not  be  supplied  in  any  other  way.  Valuable  collec- 
tions which  should  by  all  means  be  acquired  by  the  United  States  for 
its  National  Museum  are  every  year  passing  beyond  our  control,  and 
American  students  will  be  compelled  more  than  in  the  past  to  pursue 
their  researches  in  the  museums  of  foreign  countries. 

I  desire  to  repeat  that  an  unduly  large  proportion  of  the  curators 
are  not  compensated  for  their  services  from  the  Museum  appropriation. 
This  is  not  as  it  should  be,  although  without  larger  appropriations  it  is 
impossible  to  make  any  additions  to  the  salaried  staff.  Many  on  the 
clerical  force,  too,  who  have  by  long  training  become  valuable,  are 
paid  at  rates  considerably  less  than  for  similar  services  in  the  Execu- 
tive Departments,  and  it  is  difficult  to  keep  the  force  in  effective  condi- 
tion on  this  account. 

The  resources  of  the  Museum  have  been  taxed  to  the  utmost  to  pro- 
vide cases  for  the  collections,  but  the  amount  appropriated  is  altogether 
inadequate.  The  sum  of  $10,000  which  was  allowed  for  the  present 
year  (1895)  is  not  sufficient  for  the  construction  of  new  cases  and  for 
repairing  old  ones.  I  am  therefore  about  to  submit  an  estimate  of 
$30,000  for  the  year  1897.  It  not  unfrequently  happens  that  valuable 
collections  are  offered  to  the  Museum  on  condition  that  suitable  cases 
be  provided.  This  seems  a  fair  requirement,  but  it  is  one  which  unfor- 
tunately the  Museum  is  not  always  in  a  position  to  meet. 

With  a  view  to  adding  to  the  area  available  for  the  display  of  collec- 
tions, I  included  in  my  estimates  for  this  year  (1895)  an  item  of  $8,000 
for  the  erection  of  two  galleries,  one  in  the  southwest  court,  and 
another  in  the  southeast  range.  Galleries  were  provided  for  in  the 
original  plans  for  the  Museum  building,  and  can  be  supported  so  as 
not  to  detract  from  the  appearance  of  the  halls  or  to  interfere  with  the 
present  system  of  installation.  No  appropriation,  however,  was  made. 
The  same  amount  was  included  for  this  purpose  in  the  estimates  for 
1896,  but  was  again  refused.  I  shall  repeat  the  recommendation  in  my 
estimates  for  1897. 

By  the  provisions  of  the  new  printing  bill,  as  interpreted  by  the  Pub- 
lic Printer,  the  editions  of  the  Proceedings  and  Bulletins  of  the  Museum 
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have  been  redaced  to  1,000  copies.  This  is  most  unfortunate,  and  unless 
relief  is  obtained  at  once,  will  cause  the  suspension  of  the  greater  part 
of  the  distribution  of  those  volumes.  It  has  hitherto  been  possible  to 
supply  2,300  of  the  most  important  libraries  and  about  500  specialists 
with  our  publications,  but  unless  the  former  number  of  copies  is  again 
allowed,  very  little  can  be  done  in  either  direction.  Furthermore,  the 
I)ossibility  of  securing  in  exchange  the  publications  of  other  institu- 
tions, will  be  almost  entirely  removed.  It  is  often  possible  to  acquire 
valuable  specimens  in  exchange  for  publications,  even  when  the  owners 
would  not  part  with  them  for  a  money  consideration.  Papers  of  great 
scientific  value  are  not  unfrequently  offered  to  the  Museum  for  publi- 
cation, but  it  is  now  becoming  necessary  to  decline  to  publish  them, 
as  their  acceptance  would  swell  the  cost  of  the  annual  printing  for 
the  Museum  to  a  sum  far  beyond  the  present  allotment.  Many  impor- 
tant papers  published  by  the  Museum  are  out  of  print,  and  should  at 
once  be  reprinted  to  supply  the  urgent  demand,  but  this  can  not  be 
done  without  a  larger  appropriation. 

It  is  not  too  much  to  say  that  the  usefulness  of  the  Museum  will  be 
considerably  impaired  if  the  editions  are  not  at  least  increased  to  their 
former  extent,  namely,  3,000  copies.  The  relations  of  the  Museum  with 
the  colleges,  scientific  schools,  scientific  and  technical  societies  in  the 
United  States,  as  well  as  with  the  principal  centers  of  learning  through- 
out the  world,  will  be  impaired.  It  should  be  borne  in  mind  that  the 
publications  of  the  Museum  are  not  ^'public  documents,"  so  that  the 
possibility  of  obtaining  the  usual  increase  of  copies  is  precluded,  none 
others  being  printed  excepting  those  which  are  actually  paid  for  from 
the  Museum  allotment  for  labels,  Proceedings,  and  Bulletins.  In  view 
of  these  facts  lean  not  too  strongly  urge  that  the  National  Museum  be 
excepted  from  the  restrictions  of  the  printing  act  of  January  12, 1895, 
so  far  as  the  extent  of  the  editions  of  its  publications  is  concerned,  and 
that  it  be  permitted  to  issue  as  large  an  edition  both  of  Proceedings 
and  Bulletins  as  can  be  procured  out  of  the  Museum  allotment.  I  have 
asked  for  $18,000  for  the  year  1897,  and  am  quite  confident  that  this  is 
not  by  any  means  too  large  for  the  purpose.  It  is  my  belief  that  if 
this  amount  be  allowed — and  provided  that  the  Museum  be  removed 
from  the  restriction  of  the  printing  act  in  this  particular — the  number 
of  copies  can  be  increased  to  5,000.  This  would  enable  the  Museum  to 
meet  its  obligations,  and  to  use  a  fair  proportion  of  its  publications  in 
exchange  for  specimens  as  well  as  for  the  publications  of  other  scientific 
institutions. 

In  recognition  of  services  being  rendered  to  the  Museum  the  hon- 
orary title  of  "  Associate '^  has  been  conferred  on  Dr.  Theodore  N.  Gill, 
in  zoology.  Dr.  E.  E.  C.  Steams,  in  zoology,  Dr.  R.  W.  Shufeldt,  in 
comparative  anatomy,  and  Dr.  C.  A.  White,  in  paleontology. 

By  act  of  Congress  approved  August  18,  1894,  the  Smithsonian 
Institution  and  the  National  Museum  were  directed  to  participate  in 
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the  Cotton  States  and  International  Exposition  in  Atlanta,  commencing 
September  18  and  closing  December  31,  1895.  With  this  in  view  it 
became  necessary  for  many  of  the  curators  to  devote  a  large  share  of 
the  year  to  the  preparation  of  suitable  exhibits.  A  description  of  these 
will  accompany  the  report  of  the  Assistant  Secretary  for  1896. 

Large  and  important  accessions  have  been  received,  as  usual,  from 
the  United  States  Geological  Survey,  the  Department  of  Agriculture, 
the  Bureau  of  Ethnology,  and  the  U.  S.  Fish  Commission. 

It  is  gratifying  to  note  that  Dr.  William  L.  Abbott  and  Mr.  William 
Astor  Chanler  and  Lieut,  von  Hohnel  have  continued  to  contribute 
valuable  collections  of  ethnological  and  natural  history  objects,  obtained 
in  connection  with  their  respective  explorations  in  Africa  and  India. 
The  Museum  still  enjoys  the  cooperation  of  several  officials  of  the  Geo- 
logical Survey,  the  Department  of  Agriculture,  and  the  Fish  Commis- 
sion as  honorary  curators  of  collections. 

About  127,000  specimens  have  been  added  to  the  collections  during 
the  year.  In  view  of  the  fact  that  no  special  eflfort  has  been  made  to 
acquire  material,  this  large  addition  would  be  very  gratifying  if  the 
conditions  were  such  that  it  were  possible  to  administer  it  properly. 

In  the  Appendix  accompanying  this  report  some  of  the  most  impor- 
tant operations  of  the  Museum  during  the  year  are  briefly  referred  to. 
The  report  of  the  Assistant  Secretary  in  charge  of  the  National  Museum, 
constituting  the  second  volume  of  the  Smithsonian  Beport,  discusses 
fully  the  work  of  the  Museum  during  the  year. 

BUEEAU  OF  AMERICAN  ETHNOLOGY. 

The  researches  upon  the  ethnology  of  the  American  Indians  have 
been  carried  forward,  as  heretofore,  under  the  direction  of  Maj.  J.  W. 
Powell.  As  in  previous  years,  a  certain  amount  of  field  exploration 
has  been  carried  on.  Especially  interesting  have  been  the  results  of  the 
expedition  in  the  arid  region  in  Arizona  and  Sonora,  Mexico,  known 
as  Papagueria,  lying  south  of  the  Gila  River,  west  of  the  Sierra  Madre. 
The  region  first  visited  was  that  occupied  by  the  Papago  Indians;  nearly 
all  of  their  villages  and  rancherias  were  examined  and  a  number  of  pre- 
historic ruins  were  discovered,  among  them  those  of  villages  with 
extensive  irrigation  works.  Subsequently  was  visited  the  domain  of 
the  Seri  Indians,  occupying  Tiburon  Island  in  the  Gulf  of  California, 
and  a  considerable  region  of  the  adjacent  niaiuland  in  western  Sonora. 

The  Papago  Indians  are  i^eaceful  and  represent  the  higher  grade  of 
aboriginal  intelligence  among  the  inhabitants  of  Mexico  and  Central 
America;  the  Seris  are  savage  and  primitive  in  their  habits,  being  prob- 
ably the  least  advanced  of  the  North  American  tribes  still  remaining. 
The  archaeological  results  of  the  collections  obtained  are  of  special 
interest,  since  the  region  is  very  peculiar  and  but  partially  known. 

The  surveys  in  the  Canyon  de  Chelly,  referred  to  in  previous  reports, 
were  completed  during  the  year,  and  an  account  of  the  work  will  soon 
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be  pnblished,  which  it  is  hoped  will  be  an  important  contribution  to 
our  knowledge  of  the  origin  and  early  history  of  the  cliff  dwellings 
and  pueblos  of  the  Southwest. 

Experts  have  also  been  engaged  in  the  Indian  Territory  during  the 
year  investigating  the  heraldic  systems  and  the  calendars  of  the  Kiowa 
Indians.  Toward  the  close  of  the  year  a  special  expedition  was  sent 
to  excavate  the  ruins  of  the  pueblos  in  the  little-known  country  south- 
west of  Flagstaff  and  at  Tusayan,  in  northeastern  Arizona.  This  sec- 
tion was  under  the  charge  of  Dr.  J.  Walter  Fewkes,*  and  the  results, 
so  far  as  rex>orted,  have  been  exceedingly  important. 

The  death  of  Col.  Garrick  Mallery  interrupted  for  the  time  the  work 
of  the  Bureau  in  the  investigation  of  Indian  sign  languages.  The 
study  of  the  Mexican  codices  and  inscriptions  has  been  continued,  and 
an  important  paper  on  the  Maya  year  has  been  published. 

As  during  previous  years,  especial  attention  has  been  paid  to  the 
study  of  myths,  beliefs,  and  ceremonials,  especially  those  of  the  Zuni 
Indians,  who  are  particularly  interesting  by  reason  of  the  important 
part  played  by  mythology  in  their  organizations. 

The  illness  of  Mr.  James  G.  Pilling,  the  distinguished  specialist,  who 
has  for  many  years  had  charge  of  the  bibliographical  work  of  the 
Bureau,  has  for  a  time  put  an  end  to  the  publication  of  bibliographical 
material  It  is  fortunate  that  so  much  of  the  important  work  of  Mr. 
Pilling  has  already  been  completed  and  printed. 

The  study  of  the  aboriginal  languages,  which  has  from  the  beginning 
been  a  most  important  branch  of  the  work  of  the  Institution,  has  been 
carried  forward  uninterruptedly,  and  has  resulted  in  a  preliminary 
classification  of  the  Indian  tribes.  During  the  year  a  large  amount  of 
new  material  has  been  permanently  recorded  and  satisfactory  progress 
has  been  made  in  the  arrangement  of  the  vocabularies  and  grammars 
already  collected.  The  Bureau  has  in  its  fireproof  vaults  several  hun- 
dred valuable  manuscripts  pertaining  to  the  Indian  languages  which 
are  available  for  the  use  of  students,  pending  the  work  of  editing  and 
publication.  The  Bureau  has  also  suffered  a  severe  loss  in  this  depart- 
ment of  the  work  in  the  death  of  Rev.  J.  Owen  Dorsey. 

In  addition  to  the  special  branches  of  investigation  already  referred 
to,  much  has  been  done  in  the  assembling  and  classifying  of  informa- 
tion concerning  the  Indian  tribes. 

Satisfactory  progress  was  made  in  the  publication  of  the  results  of 
the  Bureau's  researches  during  the  year.  Eight  complete  volumes, 
comprising  10  papers,  covering  nearly  2,000  pages,  with  674  illustra- 
tions, were  received  from  press  and  in  part  distributed,  and  other 
volumes  were  made  ready  for  the  Public  Printer. 

Further  details  concerning  the  operations  of  the  Bureau  may  be 
found  in  the  statement  of  Director  Powell,  which  accompanies  this 
report  as  Appendix  IL 
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THE  SMITHSONIAN  INTERNATIONAL  EXCHANGE  8EBVICE. 

* 

In  making  arrangements  for  the  distribution  of  its  early  publications 
the  Smithsonian  Institution  was  led  to  establish  relations  with  foreign 
scientific  societies  and  libraries,  which  have  proved  of  very  great  value 
in  giving  effect  to  one  of  the  principal  aims  of  its  founder,  ^^the  diflii- 
siou  of  knowledge.'' 

In  England  and  Qermany,  with  which  the  most  active  exchange  oi^ 
scientific  literature  has  always  been  maintained,  it  has  been  found 
necessary  to  establish  special  agents,  who  devote  a  large  part  oJ 
their  time  to  the  Institution's  interests. 

There  thus  exists  a  channel  of  communication  between  this  and  for- 
eign countries  by  means  of  which  societies  or  individuals  engaged  in 
the  promotion  of  scientific  work  can  exchange  publications  practic<illy 
without  expense. 

The  extent  of  the  service  is  best  illustrated,  though  yet  imperfectly, 
by  the  accompanying  map  of  the  world,  which  conveys  an  idea  of  how 
the  more  than  24,000  correspondents  of  the  exchange  service  are  dis- 
tributed. Upon  such  a  small  scale  the  precise  statistical  distribution 
can  not,  of  course,  be  shown. 

The  Smithsonian  exchange  service,  which  at  first  was  mainly  for  the 
distribution  of  scientific  publications,  underwent  an  important  change 
when  it  became  the  agency  for  the  United  States  Government  in  the 
exchange  of  its  parliamentary  documents  for  similar  documents  of  for- 
eign Governments,  and  though  Congress  now  makes  annually  an  appro- 
priation for  carrying  out  the  provisions  of  a  treaty  formally  entered  into 
by  our  Government  to  maintain  a  bureau  for  "  the  free  transmission  of 
the  works  exchanged,"  these  appropriations  have  never  been  suflScient 
to  meet  the  entire  expense  involved,  and  the  service  is  only  kept  up  by 
continuing  to  rely  upon  the  generosity  of  many  of  the  ocean  steamship 
lines,  which  in  the  early  days  of  its  existence  granted  to  the  Institu- 
tion the  privilege  of  free  transportation  in  recognition  of  its  disinter- 
ested and  important  scientific  work. 

The  important  change  to  which  I  refer  lies  in  the  fact  that  so  large 
a  proportion  *  of  the  books  carried  now  consists  of  Government  publi- 
cations, such,  for  instance,  as  the  Congressional  Record  and  reports; 
indeed,  in  the  transmission  of  such  documents  alone  the  Institution 
has  in  past  years  expended  of  its  own  private  fund  over  $38,000,*  for 
which  it  has  never  been  reimbursed. 

The  appropriation  for  the  past  year  having  be^n  restored  to  its  former 
amount  of  $17,000,  and  slightly  increased  amounts  having  been  made 
available  to  certain  Government  bureaus  for  the  distribution  of  their 

*The  exchange  of  Govemment  docnments  is  about  70  per  cent  of  the  entire 
exchange  work. 
'See  Beport  of  the  Board  of  Regents  of  the  Smithsonian  Institution,  1890, p.  18. 


25 

vhich 

office 
•  paid 
id  by 
close 

great 
ivate 
I  that 
owth 
ients 
The 
f  the 
^rical 
isted 
Con- 

r  the 
aken 
r  the 
How 
orre- 
year 
Qblic 
very 
I  the 


iscal 


>ads, 

iriug 
3ses, 
aries 
iiital 
Jf  of 
nbia 
lere- 
oiial 
sach 


the 
d  to 


24 


THE  SI 

In  ms 
the  Sml 
scientifl 
in  givic 
sion  of 

In  E 
scientif 
necessa 
their  ti: 

Then 
eign  CO 
the  pro 
without 

The  I 
by  the 
the  mo: 
tributer 
can  not 

Thei 
distrib 
when  i 
exchai] 
eign  G« 
priatio 
by  our 
the  wo 
to  mee*. 
coutin' 
lines,  T 
tion  tb 
ested  I 

The 
a  prop 
cation' 
indeed 
has  in 
which 

The 
amour 
availa 

I  The 
exchan 
sSee 


REPORT   OP   THE   BECBETABY.  25 

[lorts,  it  became  possible  to  bring  up  the  arrears  of  work  to  which 
^aUed  especial  attention  in  my  last  report. 

The  disbursements  on  acconnt  of  the  expenses  of  the  exchange  office 
iiing  the  year  amounted  to  $21,090.61,  of  which  $16,997.99  were  paid 
om  the  appropriation  of  $17,000  by  Congress;  $4,092.62  wet-e  paid  by 
oyemment  bureaus  or  private  institutions,  the  balance  at  the  close 
'  the  fiscal  year  being  held  to  meet  outstanding  obligations. 
That  the  exchange  service  is  generously  appreciated  by  its  great 
imber  of  corresjiondents  iu  this  country,  libraries,  State  and  private 
iStitutions,  and  individuals,  I  am  well  aware,  but  I  am  also  aware  that 
ith  the  resources  at  command  it  is  not  keeping  pace  with  the  growth 
r  the  country  aud  the  reasonable  expectation  of  its  correspondents 
ir  the  prompt  transportation  that  modern  facilities  warrant.  The 
nprovements  that  are  needed — more  fbreign  ageuts  in  the  pay  of  the 
u8titution,  more  frequent  use  of  rapid  transportation,  more  clerical 
issistance  in  properly  recording  and  accounting  for  packages  intrusted 
o  the  care  of  the  service — can  only  be  attained  by  securing  from  Con- 
gress an  increased  appropriation. 

In  view  of  the  near  approach  to  completion  of  the  building  for  the 
liibrary  of  Congress  it  would  seem  desirable  that  steps  should  be  taken 
o  secure  a  more  adequate  return  from  foreign  Governments  for  the 
arge  number  of  publications  of  the  United  States  sent  abroad.  How 
nucb  can  be  accomplished  in  this  way  that  cannot  be  done  by  corre- 
spondence I  personally  experienced  in  a  visit  made  during  the  past  year 
Ln  the  interest  of  this  Government  exchange  to  the  minister  of  public 
instruction  in  Paris  which  will,  it  is  hoped,  result  iu  securing  a  very 
considerable  increase  in  the  number  of  documents  received  from  the 
French  Government. 

THE   NATIONAL  ZOOLOGICAL  PARK.   • 

The  appropriation  made  for  this  purpose  for  the  service  of  the  fiscal 
year  ending  June  30, 1895,  was  in  the  following  terms: 

National  Zoological  Park:  For  continuing  the  construction  of  roads, 
walks,  bridges,  water  supply,  sewerage,  and  drainage;  and  for  grading, 
planting,  and  otherwise  improving  the  grounds;  erecting  and  repairing 
baildings  and  inclosures  for  animals;  and  for  administrative  purposes, 
care,  subsistence,  and  transportation  of  animals,  including  salaries 
or  compensation  of  all  necessary  employees,  and  general  incidental 
expenses  not  otherwise  provided  for,  fifty  thousand  dollars;  one-half  of 
which  sum  shall  be  paid  from  the  revenues  of  the  District  of  Columbia 
and  the  other  half  from  the  Treasury  of  the  United  States;  and  here- 
after a  report  in  detail  of  the  exx>enses  on  account  of  the  National 
Zoological  Park  shall  be  made  to  Congress  at  the  beginning  of  each 
regular  session. 

The  appropriation  was  not  made  until  August  18,  1894,  when  the 
working  season  was  already  considerably  advanced,  and  this  led  to 
delay  and  uncertainty  in  the  plans  for  the  year,  and  owing  to  this  and 
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the  limited  amount  no  change  in  the  character  of  the  development  hi 
seemed  advisable.    It  may  accordingly  be  said  that  the  principal 
of  the  past  year  has  been  to  keep  the  animals  ou  hand  in  proi>er  heall 
condition  and  to  improve  the  general  appearance  of  the  park  as  mi 
as  practicable  with  the  limited  fuuds  available. 

The  general  agitation  of  the  question  of  a  proper  system  of  si 
and  roadways  in  the  District  of  Columbia  which  has  occurred  durii 
the  last  year,  owing  to  the  passage  of  an  act  authorizing  the  Distri< 
Commissioners  to  establish  such  a  system,  has  had  its  effect  upon  t1 
park  in  an  indirect  manner,  as  it  has  led  to  a  fuller  consideration 
the  means  of  access  to  the  park  and  its  probable  development  iu  th< 
future. 

In  the  District  act  of  August  7, 1894,  the  following  appropriation  was 
made: 

For  opening  entrance  into  Zoological  Park,  from  Woodley  Lane  road^ 
and  opening  driveway  into  Zoological  Park,  from  said  entrance  aloiij 
the  west  bank  of  Rock  .Creek,  two  thousand  five  hundred  dollars,  to 
paid  wholly  from  the  revenues  of  the  District  of  Columbia. 

As  this  appropriation  was  associated  with  others  relating  solely  to\ 
District  affairs  and  was  payable  wholly  from  District  revenues,  it 
seemed  proper  that  the  disbursement  of  the  funds  should  be  made  by 
the  District  Commissioners,  who  commenced  the  construction  of  the 
roads  described  in  the  act. 

With  the  desire  that  the  road  might  finally  come  under  the  control 
of  the  park,  Mr.  H.  P.  Waggaman,  a  property  owner  in  that  vicinity 
presented  to  the  park  a  strip  of  land,  as  shown  in  the  plat  herewith 
submitted.  (See  W.)  This  addition  amounted  to  1.217  acres,  increas- 
ing the  total  area  of  the  park  to  168.70  acres. 

The  appropriation  was  wholly  insufficient  to  complete  the  roadway, 
and  an  additional  amount  was  appropriated  for  the  prosecution  of  this 
work  by  the  sundry  civil  act  of  March  2,  1895,  in  the  following  terms: 

For  continuing  the  entrance  into  the  Zoological  Park  from  Woodley 
Lane,  and  opening  driveway  into  Zoological  Park,  from  said  entrance 
along  the  west  bank  of  Eock  Creek,  five  thousand  dollars,  to  be  imme- 
diately available,  which  sum  is  hereby  appropriated  out  of  any  money 
in  the  Treasury  not  otherwise  appropriated,  one-half  chargeable  to  the 
revenues  of  the  District  of  Columbia. 

In  accordance  with  the  terms  of  this  appropriation  the  work  on  this 
road  was  continued,  and  there  is  at  present  a  heavy  fill  completed  from 
the  Woodley  road  down  into  the  park.  With  the  very  steep  grade  at 
this  point  it  has  not  been  possible  to  do  more  than  to  rough  out  this 
road,  and  it  is  hardly  practicable  for  carriages.  In  order  to  complete 
it  a  still  greater  fill  should  be  made,  the  road  should  be  macadamized, 
and  a  sidewalk  constructed.  It  will  then  be  necessary  to  construct  a 
bridge  across  the  creek  at  the  point  marked  A,  as  the  steep  cliff  on  the 
right  side  of  the  creek  where  the  road  now  ends  makes  it  impracticable 
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to  carry  the  road  any  farther  on  that  bank.  Having  crossed  the  creek, 
the  road  shoald  continae  along  the  stream  on  the  left  bank,  traversing 
the  region  where  the  Adams  mill  formerly  stood,  and  then,  as  it  again 
reaches  a  precipitous  bank,  it  shoald  cross  on  another  bridge  at  or  near 
the  point  marked  B,  and  communicate  with  the  system  of  roads  now 
established  in  the  park. 

As  this  road  will  probably  become  in  time  one  of  the  main  drives 
through  the  park  system,  it  should  be  well  built,  have  easy  grades,  and 
be  provided  with  bridges  not  only  of  a  substantial  character  but  suit- 
able otherwise  to  the  scenery  in  which  they  are  to  stand,  leading  as  the 
road  does  through  one  of  the  most  beautiful  and  picturesque  valleys  in 
the  vicinity  of  Washington. 

Plans  for  a  system  of  roadways  for  the  District  have  been  completed 
for  that  section  lying  to  the  eastward  of  the  park.  Here  a  broad  street, 
vo  be  known  as  the  "Park  Drive,"  reaches  the  boundary  of  the  park 
at  its  southeastern  corner  and  thence  proceeds  along  the  eastern 
side  by  gentle  curves  adapted  to  the  topography  of  the  region,  as 
shown  upon  the  accompanying  plan.  The  establishment  of  this  road 
will  greatly  improve  the  access  to  the  park,  which  has  always  suffered 
from  the  steep  grades  that  are  necessary  for  descent  into  the  valley 
of  Rock  Creek.  It  will,  however,  entail  some  new  difficulties  which 
fthonld  be  met  at  once.  The  road  does  not  skirt  the  boundary  of  the 
park  at  all  points,  but  touches  or  leaves  it  according  to  the  contour 
of  the  ground  and  the  practicability  of  the  grade.  Some  tracts  of  land 
are  therefore  left  between  the  drive  and  the  park,  and  if  these  become 
built  upon,  a  succession  of  private  houses  will  be  thrust  directly  upon 
the  boundary,  marring  the  air  of  seclusion  that  was  one  of  the  objects 
for  which  the  expenditure  of  the  first  purchase  was  made,  and  which 
is  still  a  principal  attraction  of  the  valley. 

In  order  to  avoid  this  the  land  in  question  should  be  added  to  the 
park,  the  eastern  boundary  of  which  would  then  lie  along  a  broad  and 
excellent  roadway  affording  access  to  the  park  at  several  convenient 
points.  The  accompanying  map  shows  the  land  which  should  be  added. 
It  involves  a  strip  (C)  lying  immediately  south  of  the  bear  pits  much 
needed  for  the  security  of  the  animals  confined  there.  At  present  the 
boundary  of  the  park  is  so  near  the  pits  that  the  bank  is  very  steep,  and 
as  it  is  composed  in  considerable  degree  of  soil  and  decomposed  rock  it 
constantly  crumbles  under  the  action  of  the  weather  and  precipitates 
loose  stones  and  debris  into  the  pits  thus  endangering  the  safety  of  the 
animals  and  gradually  undermining  the  boundary  fence,  which  must 
sooner  or  lat«r  fall  inward.  It  should  also  include  a  tract  of  land  lying 
on  a  hillside  to  the  north  of  the  Quarry  road  and  forming  a  portion  of 
the  property  of  Mr.  H.  D.  Walbridge.  This  is  an  exceedingly  impor- 
tant tract,  as  its  possession  would  extend  the  park  toward  Kenesaw 
avenue,  which  will  doubtless  be  the  principal  route  of  access  upon  the 
eastern  side,  and  it  would  be  desirable  to  extend  the  park  on  the 
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southern  side  by  taking  in  the  cemetery  that  now  lies  near  the  Adams 
mill  entrance  and  constitutes  a  serious  blot  upon  the  surroundings  of 
the  park. 

The  following  letter  from  the  landscape  architects,  Messrs.  Olmsted, 
Olmsted  &  Eliot,  sets  forth  the  advantages  of  the  additions  upon  the 
eastern  side  of  the  park,  and  may  be  considered  in  connection  with 
the  plan  just  referred  to,  and  the  adjoining  bird's-eye  view,  the  same 
letters  in  each  case  indicating  the  same  features: 

Dear  Sir  :  We  have  at  various  times  since  our  first  employment  in 
connection  with  the  Zoological  Park  strongly  urged  that  more  land 
be  acquired  in  order  to  secure  a  suitable  boundary  at  various  points. 

Having  been  employed  a  year  or  more  in  connection  with  the  plans 
for  the  extension  of  the  street  system  in  the  city  of  Washington,  we 
gave  considerable  study  to  the  question  of  suitable  boundary  streets 
on  the  east  side  of  the  Zoological  Park,  and  in  designing  these  streets 
we  were  governed  largely  by  regard  for  the  desirability  of  adding  to 
the  Zoological  Park  with  a  view  to  improving  its  landscape  borders. 

It  is  generally  recognized  that  the  Zoological  Park  is  not  solely  a 
piece  of  ground  of  sufficient  area  for  the  proper  maintenance  and  exhi 
bition  of  living  animals,  but  that  it  possesses  remarkable  ]andscai)e 
beauties  and  includes  a  considerable  part  of  one  of  the  most  charac- 
teristic topographical  features  of  Washington,  namely.  Rock  Creek, 
winding  picturesquely  among  unusually  high  hills  and  with  beantituL 
wooded  slopes. 

It  is  obvious,  therefore,  that  in  securing  land  primarily  for  the  pur 
pose  of  a  zoological  ])ark  it  would  be  a  great  waste  of  a  most  valuable 
opportunity  not  to  secure  also,  to  be  preserved  for  the  enjoyment  of  the 
public,  the  scenery  of  Rock  Creek  and  the  adjoining  slopes.  This  pur- 
pose was  undoubtedly  constantly  had  in  view  at  the  time  the  Zoological 
Park  was  purchased,  but  unfortunately,  owing  to  the  inadequacy  of 
the  funds  then  available,  some  pieces  of  land  of  vital  importance  in  the 
landscape  had  to  be  omitted. 

The  land  which  it  is  of  most  pressing  importance  to  add  as  soon  as 
possible  to  the  park  lies  along  the  eastern  boundary  from  a  point  near 
the  southeast  corner  to  Kenyon  street.  This  addition  may,  if  necessary, 
be  secured  in  three  stages. 

The  most  important  is  a  narrow  strip  (C)  above  the  abandcmed  quar- 
ries now  occupied  in  part  as  the  bear  ])its,  and  extending  from  the  end 
of  the  southerly  branch  of  Summit  road  to  the  Quarry  road.    Above 
the  solid  ledge  in  the  old  quarries  there  is  a  constantly  disintegrating^ 
stratum  of  rock,  the  face  of  which  is  nearly  vertical,  and  from  which 
pieces  of  rock  of  considerable  size  are  frequently  falling  through  the 
action  of  the  weather,  endangering  people's  lives,  and  also  the  animals 
in  the  cages  below  and  the  property  of  the  park.    Above  this  disinte- 
grating rock  is  a  bank  of  hard  earth,  approaching  the  consistency  of 
stone,  which  stands  at  an  angle  much  steeper  than  engineers  would  re- 
gard as  safe.    This  bank  can  not  be  sloped  back  to  a  gentler  inclination, 
because  the  top  of  it  ends  immediately  at  the  boundary  of  the  park* 
and  it  would  be  a  serious  damage  to  the  private  lands  adjoining  to  Lave 
the  present  siirf ace  lowered.    We  believe  that  no  one  examining  the 
matter  on  the  ground  would  hesitate  a  moment  in  acknowledging  th»* 
an  addition  to  the  Zoological  Park  at  this  i)oint  is  a  pressing  necessity 
for  safety,  aside  from  any  consideration  of  benefit  to  the  landscape  auo 
suitability  of  apxjearance. 


Portion  of  National  Zoological  Park,  showino  adjacent  Properties. 
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e  land  (D)  proposed  to  be  added  to  the  Zoological  Park  from 
Ty  road  to  Kenyou  street  is  of  great  importance  iu  the  landscape 
almost  all  parts  of  the  park.  It  would  be  a  great  misfortune  if 
land  were  to  be  occupied  and  built  upon  for  private  residences, 
ses  and  other  constructions  on  this  steep,  open  hillside,  close  to  the 
k  and  facing  toward  the  most  used  portions  of  the  Zoological  Park, 
Id  be  excessively  conspicuous  and  destructive  of  the  landscape, 
zh  would  otherwise  have  a  most  unusual  degree  of  continuity  and 
pleteness. 

he  southerly  section  (E)  of  the  proi)osed  addition  to  the  Zoological 
k,  extending  from  the  southerly  branch  of  Summit  road  to  a  point 
r  the  southeast  boundary  of  the  Zoological  Park,  is  a  very  desira- 
addition  to  the  park,  not  only  for  landscape  reasons  above  referred 
but  also  because  if  occupied  by  private  residences  they  would  almost 
iessarily  back  upon  the  park,  and  owing  to  their  high  x)Osition  and 
)■  lack  of  sufficient  woods  on  the  steep  slopes  south  of  the  quarried 
uy  would  be  annoyingly  conspicuous  from  a  large  part  of  the  park. 
[)ne  important  object  to  be  attained  by  the  whole  of  the  proposes, 
dition  on  the  easterly  side  of  the  Zoological  Park  is  that  of  securing 
frontage  upon  the  new  public  street  recently  laid  out,  and  which  is 
om  Ontario  avenue  northward  practically  an  extension  of  Eighteenth 
reet.  The  importance  of  having  a  public  park  bound  upon  public 
leets  instead  of  against  back  yards  of  houses  is  generally  recognized 
ad  would  alone  justiiy  the  proposed  addition  to  the  park,  even  if  it 
a^  not  of  enormous  advantage  to  the  general  landscape  of  the  park. 
In  coDclnsion,  we  wish  to  point  out  that  if  the  reasons  which  we  have 
iven  for  the  proposed  addition  are  sound  ones,  and  if  it  is  conceded 
lat  it  should  be  made  very  soon  because  the  required  land  is  in  a 
eighborhood  which  is  rising  rapidly  in  value,  and  which  is  being 
ipidly  built  upon,  delay  will  not  only  involve  additional  expense  for 
Mid  and  probably  much  in  excess  of  the  interest  on  its  probable  present 
^t,  but  also  there  is  a  strong  probability  that  if  the  addition  is  not 
lade  at  once  there  will  be  the  cost  of  new  houses  and  other  improve- 
lents  to  be  met.  •  ♦  ♦ 
Yours,  respectfully, 

Olmsted,  Olmsted  &  Eliot. 

The  amount  of  land  that  would  be  added  to  the  park  by  these  vari- 
ns  additions  is  as  follows : 

Acres. 

topeity  of  H.  D.  Walbridge  (D) 2.22 

(operty  of  Everett  Hayden  (C) 1.27 

foperty  of  Donald  McPherson  and  Mark  F.  Finley  (E) 1.19 

foetery  (F) 5.50 

MTbonrae  (G) 2.34 

The  adjustment  of  the  boundaries  of  the  park  and  the  final  estab- 
Jhment  of  the  roads  that  lead  to  it  will  naturally  make  it  necessary 
devise  a  system  of  roads  within  the  park  connecting  with  the  en- 
mee.  This  can  not  be  fully  done  until  the  exterior  roads  are  finally 
ttled,  upon  the  western  as  well  as  upon  the  eastern  side.  One  road 
fi, however,  been  contemplated,  leading  from  the  Adams  Mill  entrance 
rough  the  grounds  to  communicate  with  the  road  already  adverted 
ranning  np  the  valley  from  the  Woodley  Lane  road.  A  small  appro- 
iation  was  set  aside  for  this  purpose  by  the  act  of  March  2,  1895. 
ii«  will  not  be  available  uDtU  the  beginning  of  the  next  fiscal  yevvr. 
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Extinction  of  the  Buffalo. 

When  the  Yellowstone  Park  was  organized  it  was  believed  that  a 
permanent  place  of  refuge  for  the  buffalo  had  been  secured,  and  that 
out  of  the  natural  increase  of  the  hundreds  then  remaining  represent- 
ative herds  would  be  preserved  for  future  generations.    It  seems  now 
evident  that  the  conditions  in  the  Yellowstone  region  are  such  that  the 
extermination  of  the  Government  herd  of  buffalo  may  be  anticipated, 
and  that  it  may  be  accomplished  within  a  very  short  space  of  time.    The 
superintendent  of  the  Park  ajipears  not  to  have  adequate  means  for 
their  protection,  and  there  are  on  the  border  plenty  of  persons  whose 
respect  for  law  is  insufficient  to  keep  them  from  poaching  when  the 
prize  is  a  buffalo  head  or  skin  which  will  readily  sell  for  several  hun- 
dreds of  dollars.    The  temptation  to  these  men  seems  to  be  irresistible, 
and  as  the  herd  diminishes  the  value  of  the  animals  increases  and  the 
difficulty  of  protection  becomes  constantly  greater. 

Since,  then,  the  extermination  of  the  Yellowstone  herd  seems  rapidly 
approaching,  something  should  at  once  be  done,  that  this  may  not  mean 
the  extinction  of  the  Government  control  of  the  species,  with  the  death 
of  the  few  specimens  now  in  captivity.    Only  one  course  suggests  itself 
as  completely  efficient — transference  of  the  great  part  of  the  now  few 
remaining  animals  to  a  region  where  they  can  be  effectively  protected 
and  increase  normally  under  natural  conditions,  in  which  case  the 
bison  need  not  vanish  from  the  face  of  the  earth.    Two  years  ago  there 
were  supposed  to  be  200  in  the  Yellowstone  Park.    The  present  esti- 
mate is  one-quarter  of  that  immber.    The  superintendent  reports  them 
as  being  ^^  constantly  purstiedj^^  and  in  another  year  there  may  be  none 
left.    K  these  animals,  or  a  majority  of  them,  can  during  the  next  few 
months  be  transferred  to  the  National  Zoological  Park  at  Washington, 
which  affords  room  and  security,  they  will  be  safe,  and  their  natural 
increase  in  the  future  can  be  distributed  by  exchange  with  the  zoolog- 
ical gardens  of  the  various  parts  of  the  United  States,  so  that  no  large 
city  need  be  without  its  rex)resentatives  of  the  great  herds  so  often 
referred  to  in  our  early  history,  and  now  a  memory. 

Having  in  mind  certain  statements  made  in  the  public  press  with 

regard  to  the  slaughter  of  the  bison  within  the  Yellowstone  Natioual 

Park  by  marauding  poachers,  I  addressed  to  Capt.  George  S.  Anderson, 

U.  S.  A.,  the  superintendent  of  that  park,  a  letter  of  inquiry,  to  which 

he  made  the  following  reply,  which  is  of  interest  as  supplementing  the 

information  given  in  his  annual  report  to  the  Secretary  of  the  Int-erior, 

and  which,  though  properly  belonging  to  a  later  report,  I  give  here  on 

account  of  its  urgent  importance : 

December  12^  1895. 

I  can  give  you  no  definite  information  about  the  bison  in  the  Hayden 
Valley,  near  your  corral.  My  scouting  parties  have  reported  the  trails 
of  several  small  bands  leading  in  that  direction,  but  as  the  snowfall 
has  been  light,  they  have  not  a^  yet  been  driven  to  that  narrow  area. 
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Buffalo  in  National  zoological  Park. 


REPORT   OP   THE   SECRETARY.  31 

I  do  not  expect  to  be  able  to  get  an  accurate  estimate  of  their  number 
before  tbe  latter  part  of  January.  I  hope  there  are  enough  remaining 
for  a  source  of  supply  for  your  park,  and  if  they  can  be  inclosed  the 
cost  of  maintenance  will  be  very  small. 

The  rex>orts  made  through  the  newspapers  of  the  slaughter  of  the 
bison  recently  are,  of  course,  much  exaggerated,  but  unfortunately 
several  have  been  killed.  I  feel  pretty  certain  that  ten  were  killed 
within  tbe  past  four  months.  I  have  now  in  custody  in  the  guard- 
house a  man  who  was  captured  in  possession  of  the  scalps  of  five. 

I  made  a  pretty  thorough  tour  of  their  range  in  October  last,  and  saw 
very  few  signs.  I  am  sure  that  I  have  heretofore  overestimated  their 
numbers.  I  doubt  if  there  are  over  fifty  remaining^  and  these  will  not 
all  winter  in  the  Hayden  Valley.  They  increase  but  slowly  under  the 
best  conditions,  and  here,  where  they  are  being  constantly  pursued  and 
where  the  winters  are  very  severe,  but  small  increase  can  be  looked  for. 
Of  course,  the  stockade  recently  erected  will  be  a  great  assistance  in 
their  protection,  if  they  can  be  securett  within  it. 

All  of  the  animals  in  the  park  are  protected  properly  and  are  increas- 
ing, ufith  the  exception  of  the  bison^  and  of  these  it  is  ditficult  to  predict 
as  yet. 

There  are  now  but  seven  of  these  animals  in  the  National  Park  here, 
and  even  these  are  a  relatively  considerable  part  of  the  extremely  small 
pure-blooded  stock  which  represents  the  vanished  herds  which  once 
coveretl  this  continent.  An  illustration  of  the  head  of  one  of  them  is 
given  herewith.  The  present  value  of  such  animals  being  over  $1,000, 
the  valueof  these  remaining  50  buffaloes  in  the  Yellowstone  is  then  over 
$50,000.  If  so  much  national  property  can  be  saved  by  the  appropri- 
ation of  one-tenth  of  that  amount,  should  not  this  be  done  on  the 
ground  of  economy  alone;  and  if,  by  spending  on  their  transportation 
little  more  than  the  expense  of  shipping  a  few  carloads  of  beef  cattle, 
these  bison  may  be  saved  from  extinction,  is  it  not  worth  while! 

The  threatened  decrease  of  the  collection  of  animals  in  the  park  is 
a  constant  source  of  anxiety.  As  under  the  existing  appropriations 
no  purchases  can  be  made,  recourse  is  naturally  had  to  the  preserves 
in  the  Yellowstone  Park,  from  which  a  number  of  valuable  animals 
have  already  been  obtained. 

The  number  of  persons  that  avail  themselves  of  the  advantages  of  the 
park  increases  year  by  year,  and  it  seems  proper  that  more  adequate 
provision  should  be  made  for  the  collection  than  now  exists.  New 
buildings  suitable  for  special  classes  of  animals  are  especially  desirable. 
A  suitable  elephant  house  should  be  built  without  delay,  also  an  aviary 
for  the  accommodation  of  both  native  and  foreign  birds.  The  property 
yard,  in  which  are  included  a  blacksmith's  and  a  carpenter's  shop,  should 
be  removed  from  the  site  it  now  occupies  to  some  less  conspicuous 
location.  The  following  appropriation  was  made  in  the  District  act  of 
August  7,  1894: 

For  continuing  the  construction  of  the  Eock  Creek  intercepting  sewer, 
twenty  thousand  dollars:  Provided,,  That  the  Commissioners  of  the 
District  of  Columbia  are  autliorized  to  enter  into  contract  for  said  work 
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at  a  cost  not  to  exceed  eighty  thoasand  dollars,  to  be  paid  for  from  time 
to  time  as  appropriations  may  be  made  by  law;  and  the  said  Com- 
missioners are  authorized  to  construct  said  sewer,  where  necessary, 
across  lands  belonging  to  the  United  States:  Provided.^  That  after  the 
construction  of  said  sewer  the  excavated  portions  of  said  lands  shall 
be  restored  to  their  original  condition  from  the  appropriation  herein 
l)rovided  for. 

In  accordance  with  this  law  the  Commissioners  of  the  District  pro 
ceeded  to  survey  a  course  for  an  intercepting  sewer  along  Bock  Creek 
within  the  limits  of  the  park.  While  the  engineers  in  charge  of  the 
work  have  conducted  their  operations  with  discretion  and  courtesy  the 
circumstance  has  brought  forcibly  to  my  attention  the  desirability  of 
clearly  defining  the  authority  of  the  park  officials  in  case«  where  it 
becomes  necessary  for  employees  from  other  branches  of  the  Govern 
ment  to  carry  on  work  within  the  park.  There  is  a  very  real  danger 
that  engineering  operations  may  be  conducted  so  as  to  injure  the  ani- 
mals and  destroy  the  natural  beauties  of  the  region,  making  it  impossible 
to  **  restore  the  land  to  its  original  condition."  As  conflict  of  authority 
would  seriously  embarrass  I  he  work  it  would  be  well  if  in  future 
cases  of  this  kind  the  law  should  specifically  provide  that  operations 
should  be  conducted  under  such  reasonable  regulations  of  the  park 
authorities  as  may  insure,  as  far  as  practicable,  the  safety  of  the  ani 
mals  and  the  preservation  of  the  natural  features  of  the  park. 

Immediately  subsequent  to  the  date  of  this  report  one  of  the  most 
interesting  and  valuable  animals  of  th-e  park  (a  sea  lioness)  died  from 
fright,  due  to  an  explosion  without  warning  caused  in  the  progi*ess  of 
the  work  just  referred  to. 

ASTRO-PHYSICAL  OBSERYATORY. 

The  investigation  of  the  infra-red  spectrum  has  been  continued  in  the 
Astro-physical  Observatory  during  the  past  year  with  increased  energy, 
and  I  am  glad  to  be  able  to  say  that  if  only  provisional  results  have 
yet  been  published,  which,  like  those  of  last  year's  report,  are  intended 
merely  to  show  the  character  and  progress  of  the  work,  it  is  because 
the  means  of  giving  greater  exactness  are  constantly  growing,  so  that 
the  result  it  is  now  hoped  to  present  will  be  given  with  the  aim  of  a 
still  higher  standard  of  precision;  an  aim  which  it  may  be  trusted  will 
be  considered  a  legitimate  cause  for  the  delay  in  the  appearance  of  the 
final  results. 

I  refer  for  all  details  to  the  more  extended  report  given  later,  but, 
briefly,  it  may  be  stated  that  a  larger  number  of  holographic  records 
has  been  obtained  than  in  any  previous  year,  and  that  these  continuous 
observations  have  been  accompanied  by  further  improvement  in  the 
apparatus,  a  higher  standard  of  accuracy,  and  a  nearer  approach  to 
the  completion  of  the  research;  but  that  they  have  also  shown  beyond 
a  doubt  that  the  limit  of  accuracy  which  is  desirable  can  never  bo 
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reached  in  the  present  most  unsuitable,  provisional  site,  which  is  sub- 
ject to  every  kind  of  disturbance  due  to  the  neighborhood  of  the  streets 
of  a  busy  city. 

NECROLOGY. 

I  am  called  upon  to  record  here  the  death  of  two  Eegents  of  the 
Institntion,  Dr.  James  G.  Welling  and  Dr.  Henry  Copp^e;  also  three 
gentlemen  long  associated  with  the  work  of  the  Institution,  Mr.  Will- 
iam B.  Taylor,  Col.  Garrick  Mallery,  and  Rev.  James  Owen  Dorsey, 
besides  Mr.  Robert  Stanton  Avery,  who  has  bequeathed  his  estate  to 
the  Institution. 

JAMES  CLARK  WELLTNa. 

I  have  lost  in  Dr.  Welling  a  personal  friend,  but  I  only  have  to 
speak  of  him  now  in  his  relationship  to  this  Institution — an  institution 
.whose  character  has  been  partly  due  to  its  good  fortune  in  the  presence 
and  advice  of  such  men. 

Dr.  Welling  was  one  who  possessed,  beyond  anyone  else,  what  may 
be  called  the  traditions  of  the  Institution;  and  though  these  were  not 
of  course  his  exclusive  property,  in  this  respect,  as  in  others,  his  loss 
can  not  be  supplied. 

The  rules  of  conduct  which  have  been  laid  down  by  the  Regents,  and 
by  the  Secretaries  who  have  administered  them,  are  not  so  much  derived 
from  a  priori  views  as  they  are  the  outgrowth  of  accumulated  experi- 
ence; and  this  experience,  it  has  been  thought,  is  in  part,  due  to  the 
exceptionally  long  incumbencies  of  members  of  the  Board  as  compared 
with  ordinary  tenures  of  office  here,  and  to  the  continuity  of  the  knowl- 
edge of  its  activities,  as  illustrated  in  the  case  of  this  departed  friend. 

James  Clark  Welling,  at  the  time  of  his  death,  September  4, 1894, 
was  nearly  70  years  of  age.^  Descended  from  New  England  colonial 
ancestors,  a  native  of  one  of  the  Middle  States,  in  early  manhood  a 
teacher  in  the  South,  and  for  nearly  half  a  century  a  resident  of  the 
national  capital,  he  was  an  American  of  the  best  type,  free  from  sec- 
tional bias,  personifying  the  higher  traits  and  tendencies  of  the  nation, 
loyal  to  the  traditions  and  aspirations  of  its  founders. 

He  was  graduated  in  1844  from  the  College  of  New  Jersey,  studied 
law,  and  was  admitted  to  the  bar,  but  soon  afterwards  entered  upon  the 
profession  of  journalism.  He  always  retained,  however,  a  strong  incli- 
nation for  the  study  of  constitutional  and  international  law,  and  of 
politics,  and  his  interest  in  public  affairs  was  greatly  stimulated  by  his 
connection  for  fifteen  years  with  the  most  important  of  Washington 
journals,  at  that  time  national  in  its  influence.  He  became  the  literary 
editor  of  the  National  Intelligencer  in  1850,  and  was  its  managing 


'  He  was  bom  in  TrentoD,  July  14,  1825. 
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editor  throaghoat  the  entire  period  of  the  civil  war.  In  this  capacity 
he  had  the  privilege  of  personal  acqaaintance  with  all  ooi*  public  men, 
and  confidential  access  to  many  of  them,  including  Lincoln,  Seward, 
and  Stanton. 

In  later  life  his  attention  was  given  chiefly  to  educational  work. 
For  a  time  president  of  St.  John's  College,  Maryland,  and  later  pro- 
fessor of  belles  lettres  at  Princeton,  he  was,  in  1870,  recalled  to  Wash- 
ington to  become  president  of  the  Columbian  University,  an  institution 
tbunded  fifty  years  before,  in  the  hope  that  it  might  fulfill  the  desire  of 
Washington,  Barlow,  and  Adams,  that  a  seat  of  liberal  learning  should 
exist  at  the  capital.  Dr.  Welling  was  led  to  accept  this  position  by 
the  urgency  of  the  philanthropist  Corcoran  and  the  advice  of  Henry, 
both  of  whom  were  influenced  by  the  hope  of  having  w^ith  them  one  of 
the  founders  of  a  national  university,  and  who  believed  that  a  man 
of  Dr.  Welling's  character  would  find  in  such  a  position  a  wide  field  of 
influence. 

His  aspirations  for  the  university  were  never  fully  realized,  owing  to 
the  impossibility  of  securing  endowments  from  private  sources  for  a 
public  institution  located  so  near  to  the  seat  of  Government.  He  never- 
theless secured  a  considerable  addition  to  its  endowment,  added  new 
professional  schools,  greatly  increased  the  number  of  its  faculty  and 
students,  removed  the  institution  from  the  suburbs  to  a  new  building 
in  the  heart  of  the  city,  and  accomplished  many  other  things  which 
seemed  really  wonderful  in  view  of  the  smallness  of  the  resources  at 
his  command.  The  dream  of  his  life  was  to  establish  a  school  of  com- 
parative jurisprudence — the  only  one  of  its  kind  in  the  world — ^as  a 
branch  of  the  university.  In  1892  he  visited  Europe,  secured  approval 
of  his  plans  from  Sir  Frederick  Pollock  and  other  eminent  jurists,  and 
their  promise  to  come  to  America  to  lecture  as  members  of  the  faculty. 
Failing  health  interfered  with  the  realization  of  his  plan,  which,  I  can 
but  believe,  he  would  have  otherwise  forced  into  success. 

After  his  resignation  of  the  presidency  in  1893,  he  still  retained  the 
chair  of  international  law  and  the  position  of  dean  of  the  university 
law  school,  and,  full  of  hopefulness,  it  was  his  purpose  to  labor  on  for 
his  beloved  project.  He  confidently  expected  to  live  to  be  80,  and  to 
devote  the  remaining  ten  years  of  his  life  to  the  compilation  of  a  polit- 
ical history  of  the  civil  war,  a  work  for  which  no  one  was  so  well  qual- 
ified by  experience,  knowledge,  and  critical  skill  as  himself.  He  was  a 
representative  man  in  Washington,  identified  with  all  interests  which 
tend  toward  good  citizenship,  and  held  many  positions  of  public  trust 
and  honor.  He  was  president  of  the  board  of  trustees  of  the  Corcoran 
Art  Gallery  and  of  the  American  Copyright  League,  and  was  appointed 
by  President  Harrison  commissioner  to  the  Columbian  Historical  Expo- 
sition at  Madrid  in  1892.  His  scholarship  was  accurate,  broad,  and 
genial,  as  was  shown  by  the  critical  reviews  which  he  contributed  dur- 
ing his  later  years  to  some  ot  the  principal  American  journals.    His 
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&yorite  stady  in  boars  of  relaxation  was  that  of  the  sacred  poetry  of 

the  early  Christiaii  Ghorch,  some  of  which  he  had  translated,  though 

not  for  pablication. 
In  1884  he  vras  chosen  a  Begent  of  this  Institution,  to  succeed  the 

Beverend  Dr.  Parker.    For  ten  years  he  gave  conscientious  attention 
to  its  interests,  and  upheld  in  every  way  those  conservative  and  dig- 
nified traditions  of  which  I  have  already  spoken  of  him  as  almost  the 
living  embodiment;  and  while  he  did  this  primarily  because  of  their 
harmony  witb  bis  own  personal  tendeucies  and  convictions  as  to  their 
valne,  be  did  so  because  of  his  affection  and  reverence  for  the  first 
Secretary,  Josepb  Henry,  whose  pupil  he  had  been  in  his  youth,  and 
with  whom  in  middle  life  he  maintained  the  relation  of  friend  and  con- 
fident.   After  Henry's  death.  Dr.  Welling  consented  to  add  to  his 
already  burdensome  duties  those  of  the  chairman  of  the  executive  com- 
mittee, wbicb  be  performed  till  his  own  death,  so  that  he  may  be  said 
to  have  been  a  link  between  the  past  and  present  in  the  history  of  this 
Institution,  though  happily  not  the  only  one,  since  it  has  preserved 
others  in  bis  contemporaries. 

At  a  meeting  of  the  Board  of  Begeuts  in  January,  1895,  the  following 
resolutions  were  adopted: 

Whereas  the  members  of  the  Board  of  Begents  of  the  Smithsonian 
Institution  have  been  called  upon  to  mourn  the  death  of  their  esteemed 
colleague,  the  late  James  C.  Welling,  LL.  D.,  president  of  Columbian 
University,  who  has  long  been  interested  in  the  welfare  of  the  Insti- 
tution, and  who  for  many  years  has  been  a  Regent  and  chairman  of  its 
executive  committee, 

Ri'Holted^  That  the  Board  of  Begents  feel  deep  regret  in  the  loss  of 
one  whose  long  and  distinguished  career  of  public  useliilness,  especially 
in  the  promotion  of  institutions  for  higher  education,  commanded  their 
respect,  and  whose  personal  character  and  unselfish  devotion  to  the 
highest  ideals  of  scholarship  and  citizenship,  their  sincere  admiration. 

Besolved,  That  in  the  death  of  President  Welling  the  Smithsonian 
Institution  has  suffered  the  irreparable  loss  of  an  earnest  friend,  a  wise 
and  judicious  counselor,  and  one  who  was  preeminently  an  exponent 
of  its  time-honored  policy,  and  the  Board  of  Begents  a  ftiend  and 
associate  whom  they  valued  most  highly. 

Resolved^  That  these  resolutions  be  recorded  in  the  journal  of  the 
proceedings  of  the  Board,  aud  that  the  secretary  be  requested  to  send 
a  copy  of  them  to  the  family  of  their  departed  associate  and  Mend,  in 
token  of  sympathy  in  this  common  affliction. 

HENBY  OOPP^B. 

Henry  Copp^e,  LL.  D.,  a  member  of  the  executive  committee  of  the 
Board  of  Begents  of  the  Institution,  died  March  21, 1895,  in  his  seventy- 
fourtb  year.  He  was  appointed  Begent  January  19, 1874,  was  reap- 
pointed by  Congress  every  six  years,  and  during  that  score  of  years 
constantly  took  the  deepest  interest  in  the  work  of  the  Institution. 

Dr.  Copp^e  was  born  in  Savannah,  Ga.,  October  13, 1821,  and  was 
of  French  ancestry. 
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Aft^r  spending  two  years  in  the  class  of  1839  at  Yale,  he  left  college 
to  stady  practical  civil  engineering,  being  engaged  in  the  constnictioQ 
of  the  Georgia  Central  Railroad.  July  1, 1840,  he  entered  the  United 
States  Military  Academy  at  West  Point,  from  which  place  he  was 
graduated  four  years  later,  being  promoted  to  second  lieutenant  of 
artillery  July  1, 1845.  The  following  year,  after  having  served  in  gar- 
rison, and  at  Fort  Columbus,  N.  Y.,  be  was  sent  to  Mexico,  taking  part 
in  the  battles  of  Vera  Cruz,  Cerro  Gordo,  Cherubusco,  and  Contreras 
in  1847,  being  then  promoted  to  the  rank  of  first  lieutenant  and  breveted 
captain  for  '^gallant  and  meritorious  conduct"  in  those  battles. 

Dr.  Coppce  was  assistant  professor  of  French  at  West  Point  Acad- 
emy from  August  22, 1848,  to  June  22, 1849,  and  after  spending  a  year 
at  Fort  McHenry,  Md.,  he  returned  to  West  Point  and  remained  there 
five  years  as  assistant  professor  of  English  studies.  On  June  30, 1855, 
he  resigned  from  the  Army,  and  for  eleven  years  was  professor  of 
English  literature  at  the  University  of  Pennsylvania,  when  in  1866  he 
was  elected  the  first  i)resident  of  Lehigh  University.  His  love  for  ht- 
erary  rather  than  administrative  labor  induced  him  to  resign  the  presi- 
dency of  the  university  in  1875,  and  to  accept  the  chair  of  English 
literature,  international  and  constitutional  law,  and  the  philosophy  of 
history.  Upon  the  death  of  President  Lamberton  in  1893  he  again 
became  head  of  the  university,  and  was  acting  president  when  he  aied. 

He  was  an  industrious  author,  his  published  works  covering  a  wide 
range  of  subjects,  though  pertaining  chiefly  to  history  and  English 
literature. 

His  genial  courtesy  and  manly  disposition,  the  prudent  counsel  of  bis 
disciplined  and  well-stored  mmd,  and  his  devotion  to  the  interests  of  the 
Institution  will  linger  in  the  memory  of  his  colleagues  on  the  Board  of 
Begents.  As  a  soldier,  as  man  of  letters,  as  professor  and  president  of 
a  great  university.  Dr.  Coppee  won  high  distinction,  and  died  leaving 
a  record  of  well  spent  years. 

BOBEBT  STANTON  AVEBY. 

Bobert  Stanton  Avery,  of  Washington  City,  was  born  near  Preston, 
Conn.,  May  1, 1808,  and  died  in  Washington  on  September  12, 1894.  He 
early  became  interested  in  mathematics  and  physical  science  and  in 
Latin  and  Greek,  and  for  several  years  was  engaged  in  teaching  school 
in  various  parts  of  Connecticut  and  Massachusetts,  and  also  in  Ohio 
and  Kentucky.  Actuated  by  a  desire  for  higher  education  he  entered 
Harvard  College  at  the  age  of  35  and  there  devoted  much  of  his  time 
to  a  critical  study  of  the  Scriptures  in  Greek  and  Hebrew.  After  his 
graduation  in  1846  he  obtained  a  license  as  a  preacher,  but  failing  health 
prevented  active  work  in  that  profession. 

From  1853  to  1885  he  was  connected  with  the  United  States  Coast 
Survey,  his  principal  work  being  computation  and  reduction  of  tidal 
observations. 
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After  resigning  from  the  Government  service  lie  prepared  for  tlie  press 
a  set  of  mathematical  tables,  also  some  schoolbooks  desigrned  for  the 
teaching  of  phonetic  spelling,  a  subject  in  which  he  became  much  inter- 
ested, and  in  establishing ''  The  Avery  fund  "  of  the  Smithsonian  Institu- 
tion be  expressed  a  wish  that  the  income  be  used  chiefly  for  publications 
relating  to  the  mechanical  laws  governiug  an  etherial  medium  and  also 
mathematical  tables  and  works  on  phonetic  type  and  writing. 

WILLIAM  BOWER  TAYLOR. 

William  Bower  Taylor,  who  died  February  25,  1895,  was  appointed 
assistant  and  editor  in  the  Smithsonian  Institution  in  1878.  He  was 
bom  in  Philadelphia  May  23,  1821 ;  graduated  at  the  University  of 
Pennsylvania  in  1840;  studied  law  and  was  admitted  to  the  bar  Novem- 
ber 15,  1843.  In  1853  he  came  to  Washington  as  draftsman  and  fore- 
man of  the  engineer  and  machinist  departments  at  the  United  States 
navy -yard,  and  in  1854  was  appointed  principal  examiner,  and  later 
librarian,  in  the  United  States  Patent  Office.  He  was  one  of  the 
founders  and  the  fourth  president  of  the  Washington  Philosophical 
Society,  and  was  a  member  of  the  American  Philosophical  Society,  the 
American  Association  for  the  Advancement  of  Science,  and  of  other 
learned  bodies.  He  represented  the  Smithsonian  Institution  at  the 
International  Electrical  Exhibition  in  Philadelphia  in  1884.  Among 
his  literary  works  may  be  mentioned  the  Life  and  Writings  of  Prof. 
Joseph  Henry;  Professor  Henry  and  the  Telegraph,  and  papers  on 
Gravitation,  Force,  and  Sound,  published  by  the  Institution. 

Necrologic  notices  of  Col.  Garrick  Mallery  and  James  Owen  Dorsey, 
for  many  years  connected  with  the  Bureau  of  Ethnology,  are  given  by 
the  Director  of  the  Bureau  in  an  appendix  to  this  report. 

Eespectfnlly  submitted. 

S.  P.  Langley, 

Secretary  of  the  Smithsonian  Institution. 
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Appendix  I. 

THE  NATIONAL  MUSEUM. 

SiB:  I  have  the  honor  to  present  a  brief  statement  of  some  of  the  most  important 
featores  connected  with  the  operations  of  the  National  Museum  during  the  fiscal 
year  which  ended  on  June  30,  1895. 

Acc€99ion9. — During  the  year  the  collections  have  been  iooreased  by  1,223  accessions, 
numbering  about  127,000  specimens.  This  compares  favorably  with  the  laHt  four 
years.  The  large  increase  is  almost  entirely  the  result  of  a  warm  interest  in  the  wel- 
fare of  the  Museum  on  the  part  of  individuals,  many  of  whom  have  at  one  time  or 
another  received  some  courtesy  from  the  Museum^  either  in  the  way  of  a  publication 
or  special  information  on  some  scientific  subject.  Collections  of  more  than  ordinary 
interest  have  been  contributed  by  Dr.  William  L.  Abbott,  Mr.  William  Astor  Chan- 
ler,  and  Lieut,  von  Hohnel,  His  Majesty  the  King  of  Slam,  the  Reverend  L.T.  Cham- 
berlain, Mr.  A.  Boucard,  Dr.  William  L.  Ralph,  and  others.  Important  gifts  have 
also  been  received  from  the  Indian  Museum  in  Calcutta  and  from  the  Government  of 
Nicaragua. 

The  9cieniifie  ataff. — During  the  year  all  the  collections  of  fossils  have  been  placed 
under  one  curator,  and  are  now  administered  under  the  department  of  paleontology, 
of  which  Hon.  C.  D.  Walcott,  Director  of  the  U.  S.  Geological  Survey,  is  the  hon- 
orary curator.  The  vertebrate  fossils  are  in  charge  of  Prof.  O.  C.  Marsh  and  Mr. 
F.  A.  Lucas.  Among  the  invertebrate  fossils,  the  Paleozoic  collection  is  under  the 
care  of  Mr.  Charles  Schuchert.  The  Mesozoio  fossils  are  administered  by  Mr.  T.  W. 
Stanton,  and  the  Cenozoic,  or  Tertiary,  fossils  by  Dr.  W.  H.  Dall.  The  collection  of 
fossil  plants  is  under  the  charge  of  Prof.  Lester  F.  Ward,  with  Mr.  F.  H.  Knowlton 
as  custodian  of  the  Mesozoic  plants  and  Mr.  David  White  as  custodian  of  the  Paleo- 
zoic plants. 

Mr.  J.  £.  Watkins  has  been  appointed  curator  of  all  the  technological  collections. 
Dr.  J.  M.  Flint,  of  the  United  States  Navy,  has  been  again  detailed  by  the  Secretary 
of  the  Navy  to  serve  as  honorary  curator  of  the  section  of  materia  medica,  in  place  of 
Medical  Insi>ector  Daniel  McMurtrie.  Dr.  J.  N.  Rose,  of  the  Department  of  Agri- 
culture, has  been  appointed  honorary  assistant  curator  of  the  department  of  plants. 
Dr.  Walter  Hough,  Mr.  C.  W.  Richmond,  and  Miss  M.  J.  Rathbun,  have  been  desig- 
nated assistant  curators  in  the  departments  of  ethnology,  birds,  and  marine  inverte- 
brates, respectively.  Mr.  F.  H.  Gushing,  of  the  Bureau  of  Ethnology,  has  been 
designated  custodian  of  the  Pueblo  collections. 

Distribution  of  collections. — There  have  been  39,236  duplicate  specimens  distributed 
during  the  past  year  to  universities,  colleges,  museums,  and, in  a  few  special  instances, 
to  normal  schools.  This  shows  an  increase  of  about  13,000  specimens  over  the  dis- 
tribations  of  last  year.  The  material  distributed  consisted  principally  of  rocks  and 
ores,  invertebrate  forms  of  marine  life,  fishes,  casts  of  prehistoric  implements,  and 
minerals.  More  than  half  the  total  number  consisted  of  marine  invertebrates.  Large 
qnantitiee  of  marine  forms  are  coUected  by  the  U.  S.  Fish  Commission,  and  as  soon  as 
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practicable  after  the  material  has  been  studied  and  transferred  to  the  Mnsenm,  selec- 
tions are  carefully  made  with  a  view  to  the  preparation  of  ''sets  "  for  distribution.  It 
is  quite  impossible,  however,  to  fill  more  than  a  small  proportion  of  the  applicatioas 
received,  until  Congress  makes  a  special  appropriation  to  be  used  for  the  emploj-ment 
of  experts  in  separating  the  duplicates  in  the  various  departments  of  the  Maseum 
and  arranging  them  into  collections  especially  suited  for  use  in  educational  work. 

Visitors, — There  has  been  an  increase  of  nearly  8,000  in  the  number  of  visitors  to 
the  Smithsonian  and  Museum  buildings  during  the  year.  The  total  for  the  Smith- 
sonian building  was  105,658,  and  for  the  Museum  building  201,744. 

Specimens  transmitted  for  identification, — During  the  year  467  ''lots''  of  specimens 
were  forwarded  to  the  Museum  for  examination.  Only  a  very  small  proportion 
proved  desirable  for  permanent  addition  to  the  collections.  If  the  specimens  sent 
have  any  value,  their  return  is  almost  invariably  requested.  If,  however,  the 
Museum  is  permitted  to  retain  desirable  specimens,  they  are  recorded  in  the  Museum 
catalogues,  first  as  received  for  examination  and  report,  and  again  as  gifts  to  the 
Museum.  It  is  rarely  the  case  that  specimens  thus  retained  have  any  intrinsic 
worth,  their  value  usually  consisting  in  the  fact  that  they  fill  gaps  in  certain  series. 
During  the  past  year  the  services  of  the  curators  in  examining  and  reporting  upon 
material  were  extended,  outside  of  the  United  States,  to  correspondents  in  Canada, 
Great  Britain,  Central  America,  South  America,  Mexico,  Australia,  New  Zealand, 
India,  Java,  Borneo,  Philippine  Islands,  several  countries  of  Europe,  and  varioas 
islands  in  the  Pacific  Ocean. 

Foreign  exchanges. — Exchanges  have  been  made  with  several  foreign  museums 
during  the  year.  Among  them  are  the  Royal  Museum  of  Northern  Antiquities, 
Copenhagen,  Denmark;  Indian  Museum,  Calcutta,  India;  Canterbury  Museum, 
Christchurch,  New  Zealand;  Museum  of  Natural  History,  Paris,  France;  Manches- 
ter Museum,  Manchester,  England;  Museum  of  Natural  History,  Vienna,  Austria; 
La  Plata  Museum,  Buenos  Ayres,  Argentina,  and  others.  Important  exchanges  have 
often  been  effected  with  individuals,  such  as  Dr.  A.  C.  Haddon,  Cambridge,  Eng- 
land ;  Mr.  Edgar  J.  Bradley,  Happy  Valley  Water  Works,  South  Australia;  Dr.  H.  von 
Ihering,  San  Paulo,  Brazil;  Mr.  M.  Stossich,  Triest,  Austria;  Prof.  Edward Tregear, 
of  Wellington,  New  Zealand. 

Publications, — The  report  of  the  Museum  for  1892  has  been  published  during  the 
year,  and  the  report  for  1893  is  now  going  through  the  press.  The  papers  (976-1032) 
constituting  volume  17  of  the  Proceedings  of  the  National  Museum  have,  with  one 
exception,  been  distributed,  and  the  edition  of  the  bound  volume  is  expected  daily. 
Advance  sheets  of  two  papers  containing  descriptions  of  new  species,  and  intended 
for  inclusion  in  volume  18,  were  issued  during  the  year  in  order  to  secure  to  the 
authors  priority  of  description. 

Of  the  Bulletin,  No.  48,  "Contribution  toward  a  Monograph  of  the  Insects  of  the 
Lepidopterous  Family  NoctuidsB  of  Boreal  North  America,  A  Revision  of  the  Del- 
toid Moths,"  by  John  B.  Smith,  Sc.  D.,  has  been  published.  The  following  '*  Parts'' 
of  No.  39  are  now  in  the  folding  room :  Part  H,  "Directions  for  colleoting  Minerals," 
by  Wirt  Tassin;  Part' I,  "Directions  for  collecting  Rocks  and  for  the  preparation  of 
Thin  Sections,"  by  George  P.  Merrill;  Part  J,  "Directions  for  collecting  specimens 
and  information  illustrating  the  Aboriginal  Uses  of  Plants,"  by  Frederick  V.  Coville; 
Part  K,  "Directions  for  collecting  and  preparing  Fossils,"  by  Charles  Schuchert. 
A  supplemental  edition  of  Part  A,  "Directions  for  collecting  Birds,"  by  Robert 
Ridgway,  has  been  printed  at  the  expense  of  the  Museum  allotment,  in  order  to 
supply  the  extraordinary  demand  for  this  publication. 

The  second  of  the  series  of  Special  Bulletins,  in  quarto  form,  entitled  "  Oceanic 
Ichthyology,"  relating  to  the  deep  sea  and  pelagic  fishes  of  the  world,  by  G. 
Brown  Goode  and  Tarleton  H.  Bean,  has  been  set  in  type  and  will  probably  be  pub- 
lished during  the  winter.  The  third  number  of  the  series,  being  the  second  volume 
of  Life  Histories  of  North  American  Birds,  by  Maj.  Charles  Bendire,  is  for  the  most 
part  in  type.    It  will  be  illustrated  with  seven  chromo-lithographio  plates. 
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CircnlaxB  43  to  46  have  been  publishecL  Nob.  43  to  45  have  reference  to  the  develop- 
oeiit  of  the  library  of  the  National  Mnsenm,  and  request  the  transmission  of  the 
mbUcationa  of  scientific  establishments  as  well  as  aathors'  separates  or  reprints.  No. 
k6  invites  the  cooperation  of  students  and  collectors  in  foFwardi|;ig  plants  found  in 
the  District  of  Columbia,  and  making  notes  concerning  them,  for  incorporation  in  a 
proposed  revised  edition  of  Bulletin  22,  by  Prof.  Lester  F.  Ward,  entitled  A  Guide  to 
the  Flora  of  Washington  and  Vicinity.    This  was  published  in  1881. 

Explorations. — ^The  Museum  has  benefited  during  the  year  by  the  results  of  the 
explorations  of  Dr.  William  L.  Abbott,  who  has  forwarded  valuable  ethnological 
sad  natural  history  material  from  Africa  and  India. 

Mr.  William  Astor  Chanler  has  continued  his  travels  in  Africa,  and  has  made 
important  contributions  to  the  collections. 

Prof.  William  Trelease,  Director  of  the  Missouri  Botanical  Garden,  St.  Louis, 
gathered  a  number  of  interesting  specimens  of  natural  history,  including  marine 
invertebrate  forms,  reptiles,  fishes,  birds,  and  insects,  in  connection  with  his  expedi- 
tion to  the  Azores. 

Large  collections  of  mammals  and  pottery  have  resulted  from  the  explorations  of 
Lieut.  Wirt  Robinson,  U.  S.  A.,  in  Florida. 

>fr.  Mark  B.  Kerr  made  a  very  acceptable  collection  of  fossils  in  Ecuador,  which 
he  presented  to  the  Museum. 

Cotton  States  and  International  Expositionf  Atlanta. — The  exhibit  prepared  under  the 
auspices  of  the  Smithsonian  Institution  for  display  at  the  Cotton  States  Exposition 
illustrates  every  phase  of  the  activities  of  the  Institution  and  its  branches,  especially 
the  National  Museum.  The  exhibits  of  the  latter  include  collections  prepared  by  the 
departments  of  mammals,  birds,  reptiles,  fishes,  comparative  anatomy,  marine  inver- 
tebrates, mollnsks,  insects,  paleontology,  geology,  minerals,  botany,  prehistoric 
anthropology,  ethnology,  and  some  of  the  sections  of  the  department  of  art<s  and 
industries,  i.  e.,  materia  medica,  oriental  antiquities  and  religious  ceremonial,  some 
technological  exhibits,  and  a  collection  of  games.  The  space  assigned  to  the  Institu- 
tion includes  5,300  feet  of  floor  space,  exclusive  of  the  central  aisle,  and  is  located 
in  the  southeastern  quarter  of  the  Government  building.  The  sum  allotted  to  the 
Smithsonian  Institution  and  the  National  Museum  was  $22,000.  Of  this  amount 
$16,500  was  made  available  for  expenditures  connected  with  the  preparation  of  the 
exhibits,  the  remainder  being  intended  to  cover  the  expenses  of  installation.  The 
Exposition  opens  on  September  18  and  closes  on  December  31.  The  report  of  the 
National  Museum  for  18. 6  will  contain  a  complete  description  of  these  exhibits  and 
a  full  account  of  the  participation  of  the  Smithsonian  Institution  and  its  various 
branches. 

Respectfully  submitted. 

G.  Brown  Goode, 
Assistant  Secretary  in  charge  of  the  U,  S,  National  Museum, 

Mr.  S.  P.  Lakqlby, 

Secretary  of  the  Smithsonian  Institution. 

Junk  30, 1896. 


ApPEin>ix  II. 

REPORT  OF  THE  DIRECTOR  OF  THE  BUREAU  OP  AMERICAN  ETHNOL- 

OGY  FOR  THE  YEAR  ENDING  JUNE  30,  1895. 

Sir:  £;fclinologlo  researches  have  been  prosecnted  daring  the  fiscal  year  in  accord 
anoe  with  act  of  Congress  making  provision  **  for  continuing  researches  relating  to 
the  American  Indians,  under  the  direction  of  the  Smithsonian  Institution."   The 
operations  have  been  conducted  in  accordance  with  the  plan  submitted  at  the  begin- 
ning of  the  fiscal  year,  with  minor  modifications  made  necessary  by  circumstances. 

The  primary  classification  of  the  work  is  topical,  and  the  researches  along  different 
lines  comprise  field  studies  or  exploration  and  office  work  in  the  elaboration  of  the 
material  collected  in  the  field  or  obtained  in  other  ways.  The  chief  researches  dur- 
ing the  last  year  relate  to  (1)  archeology,  (2)  descriptive  ethnology,  (3)  sociology, 
(4)  sign  language  and  hieroglyphics,  (5)  linguistics,  (6)  mythology,  (7)  psychology, 
(8)  bibliography,  and  (9)  publication,  together  with  administrative  and  miscellaneoos 
work. 

In  the  usual  course  the  researches  begin  in  the  field,  where  surveys  are  made  and 
where  information  and  material  are  collected.  The  data  obtained  in  this  way  are 
studied  and  compared  and  reports  thereon  are  written  in  the  office,  and  the  reports 
thus  prepared  are,  after  examination  by  the  Director  or  by  the  ethnologist  in  charge 
under  his  instructions,  transmitted  for  publication.  The  scientific  operations  there- 
fore include  (1)  field  work  or  exploration,  (2)  office  researches,  including  the  prepa- 
ration of  reports,  and  (3)  publication. 

EXPLORATION. 

■ 

During  the  earlier  portion  of  the  fiscal  year  Mr.  Cosmos  Mindeleff  was  occupied 
in  extending  and  completing  his  explorations  and  surveys  in  southwestern  United 
States.  During  the  field  season  of  1894  his  operations  were  largely  confined  to  Can- 
yon de  Chelly  in  northeastern  Arizona,  but  his  reconnoissances  and  surveys  were 
extended  into  contiguous  territory.  During  July  and  the  earlier  part  of  August  he 
examined  San  Juan  Valley  and  there  obtained  information  of  much  interest.  In  its 
topography  and  general  geographic  conditions  this  region  appears  to  have  been  well 
adapted  to  the  needs  of  the  ancient  pueblo  builders,  and  it  affords  examples  of  nearly 
all  the  types  of  aboriginal  villages  now  known,  together  with  other  types  and  many 
variants  which  have  not  been  surveyed  elsewhere.  The  examination  and  compara- 
tive study  of  these  relics  throw  much  light  on  the  development  of  art  in  architecture 
by  the  people  of  the  pueblos.  In  other  directions,  too,  the  observations  add  mate- 
rially to  knowledge  of  the  habits  and  customs  of  the  aborigines.  Mr.  MindeleiTs 
researches  during  the  season,  in  connection  with  his  surveys  during  the  last  fiscal 
year,  have  covered  a  large  territory  and  will  permit  archeologic  mapping  of  value; 
even  the  negative  results  are  useful  as  indicating  the  territory  barren  of  aboriginal 
works. 

Early  in  September  Mr.  Mindeleff  brought  his  field  operations  to  a  close.  The 
grater  part  of  the  month  was  spent  in  completing  his  accounts  and  disposing  of  his 
field  outfit  and  equipment.  Toward  the  end  of  the  month  he  repaired  to  Washington 
to  begin  the  preparation  of  a  final  report  on  his  surveys  of  the  preceding  fifteen 
months. 
42 
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The  most  extended  exploratory  work  of  the  year  was  that  of  an  expeditioD  throagh 
(he  country  of  the  Papago  and  Seri  Indians  of  Arizona  and  Sonora  (Mexico),  con- 
Incted  by  M.r.  McGee.     The  expedition  was  fitted  out  in  Tucson  about  the  middle 
of  October.     Mr.  William  Dinwiddle  accompanied  the  expedition  as  photographer, 
Mid  the  party  Included  also  a  Papago  Indian  interpreter  and  from  time  to  time  Indian 
or  Mexican  guides  and  interpreters.    Leaving  Tucson,  the  party  proceeded  to  and 
throagh  San  Luis   Valley  and  temporarily  crossed  the  frontier  at  Sasabe  to  the 
Papago  Indian  village  of  Poso  Verde.    Here  the  leader  and  interpreter  remained  sev- 
eral days,  collecting  information  concerning  the  distribution  of  the  Papago  villages 
and  rancberiaa,  while  Mr.  Dinwiddie  was  sent  back  to  Tucson  to  make  necessary 
changes  in  outfit.     A  few  days  later  the  party  reassembled  at  Arivaca,  Ariz.,  where 
snrveys  were  made  of  extended  prehistoric  works.    Thence  the  expedition  moved 
to  the  frontier  at  Nogales,  where  after  some  delay  authority  for  extending  the  opera- 
tions on  Mexican  soil  was  courteously  accorded,  in  response  to  representations  made 
through  the  local  officials  to  the  federal  officers  of  the  Republic  of  Mexico.    Leaving 
KogaleSy  the  party  proceeded  southward,  visiting  several  villages  formerly  occupied 
by  Papago  Indians  but  now  abandoned,  and  finding  rancherias  occupied  by  repre- 
■entatives  of  the  tribe  at  various  points. 

The  rancherias  near  Querobabi  were  found  especially  interesting,  and  a  number 
of  valuable  photographs  were  taken.  While  a  primary  purpose  of  the  expedition 
was  the  collection  of  objective  material  for  preservation  in  the  United  States 
National  Museum ,  little  such  material  was  collected  during  this  part  of  the  trip, 
(1)  because  of  the  desire  to  comply  with  the  spirit  of  the  Mexican  law  relating  to 
the  removal  of  antiquities,  and  (2)  because  of  the  difficulty  of  transporting  objects 
over  many  hundred  miles  of  frequently  trackless  territory.  Other  Papago  ran- 
cherias were  found  as  far  southward  as  Hermosillo,  and  information  was  obtained 
concerning  settlements  midway  between  that  city  and  Guaymas.  During  the  jour- 
ney from  Tucson  to  Hermosillo  the  eastern  and  southern  limits  of  the  Papago  ter- 
ritory were  determined,  many  of  the  characteristics  of  the  tribe  were  ascertained, 
and  their  arts  were  studied  in  such  manner  as  to  facilitate  subsequent  collection  of 
typical  objects. 

After  two  or  three  days'  delay  in  Hermosillo,  due  to  the  difficulty  of  obtaining 
authority  to  enter  the  territory  of  the  warlike  Seri  Indians,  the  expedition  proceeded 
toward  the  coast  adjacent  to  Tiburon  Island.  During  this  part  of  the  trip  the  expe- 
dition had  the  pleasure  and  advantage  of  the  company  of  Seuor  Pascual  Encinas,  an 
aged  Mexican,  formerly  of  great  energy  and  courage,  who  had  done  much  to  extend 
white  settlement  into  the  Seri  country,  and  whose  services  in  this  direction  have 
received  abundant  recognition  on  the  part  of  the  State  and  the  Republic.  Piloted 
by  Senor  Encinas  and  Seilor  Alvemar-Leon,  the  expedition  entered  the  borders  of 
the  Seri  territory  and  was  so  fortunate  as  to  find  a  temporary  raucheria  occupied  by 
some  sixty  individuals  of  the  tribe.  During  the  ensuing  week  their  habits  and  cus- 
toDis  were  studied,  a  part  of  their  vocabulary  was  recorded,  and  a  number  of  indi- 
vidual and  group  photographs  were  made.  In  addition  typical  articles  of  costumery, 
weapons,  utensils,  etc.,  were  collected  and  some  Information  was  gained  concerning 
the  ethnic  characteristics  of  the  tribe.  The  Indians  were  found  quite  primitive, 
probably  more  primitive  and  savage  than  any  other  tribe  remaining  on  the  North 
American  continent.  Most  of  their  food  is  eaten  raw,  they  have  no  domestic  animals 
save  dogs,  they  are  totally  without  agriculture,  and  their  industrial  arts  are  few 
and  rude.  By  reason  of  their  warlike  character,  little  has  hitherto  been  known  con- 
cerning the  tribe ;  the  photographs  made  by  the  expedition  are  the  first  known  to 
have  been  made  of  the  Seri  Indians. 

Returning  to  Hermosillo  early  in  November,  the  party  set  out  on  the  return 
journey,  so  shaping  the  course  as  to  determine  the  southwestern  limits  of  Papago 
occupancy.  Interesting  Papago  rancherias  were  found  at  Poso  Noriago  and  at 
Cienega,  and  in  both  localities  photographs  and  a  few  small  objects  of  special 
interest  wore  obtained.    Between  these  points  several  prehistoric  ruins  were  dis- 
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Yocered,  and  also  examples  of  the  singular  prehistoric  works  called  by  the  MexicanB 
''las  trincheras^'  (entrenched  mountains)  observed.  Passing  northward,  the  ancient 
Papago  town  of  Caborca  was  visited  and  additional  photographs  were  made.  A 
remarkable  example  of  entrenched  mountain  near  this  point  received  careful  atten- 
tion. From  Caborca  the  expedition  proceeded  to  Pitiquita,  where  opportunitv  was 
again  presented  for  collecting  Papago  material,  and  thence  to  Altar.  The  limit  of 
the  time  fixed  for  the  journey  on  leaving  Tucson  being  nearly  at  hand,  and  the  stock 
having  suffered  greatly  from  the  rigors  of  travel  through  one  of  the  most  arid  of 
regions,  it  was  found  necessary  here  to  abandon  the  plan  for  extending  the  studies 
to  San  Domingo  and  Quitobaquita,  the  westernmost  settlements  of  the  Papago;  and 
the  expedition  proceeded  directly  toward  the  boundary  near  Sierra  de  la  Union, 
between  Rancho  de  San  Joaquin,  in  Sonora,  and  Rancho  Yentano,  in  Arizona. 

There  are  several  Papago  rancberias  near  the  last-named  rancho,  and  in  these  col- 
lections and  photographs  were  made.  The  party  then  proceeded  to  Fresnal,  the 
principal  Indian  village  in  Papagueria,  where  the  team  was  loaded  with  objects 
obtained  from  the  Indians.  Later,  Tucson  (Indian)  was  visited,  and  afterwards  s 
stop  was  made  at  the  Papago  village  of  Coyote.  Between  the  last-named  points  and 
at  Coyote  prehistoric  villages  and  other  antiquities  of  much  interest  were  noted, 
and  a  small  collection  of  fragmentary  prehistoric  pottery,  etc.,  was  made.  On 
November  25  the  expedition  returned  to  Tucson,  and  immediately  on  disbanding  the 
ethnologist  in  charge  repaired  to  Washington,  Mr.  Dinwiddle  remaining  for  a  few 
days  for  the  purpose  of  completing  collections  on  the  Papago  Reservation  at  San 
Xavier.  The  expedition  resulted  in  a  considerable  collection  representing  the  arts 
and  industries  of  the  partially  acculturized  Papago  Indians,  whose  arts  have  been 
hitherto  but  meagerly  represented  in  the  National  Museum  or  other  repositories  of 
scientific  material;  in  the  first  noteworthy  collection  of  objective  material  ever  made 
among  the  Seri  Indians;  in  some  500  photographs  of  the  Seri  and  Papago  Indians 
and  their  surroundings,  this  collection  being  of  special  interest  since  the  Seri 
Indians  have  not  hitherto  been  photographed,  while  few  pictures  of  the  Papago 
have  hitherto  been  taken ;  and  in  a  considerable  body  of  ethnic  material  appertain- 
ing to  both  tribes. 

Toward  the  close  of  the  calendar  year  Dr.  Franz  Boas,  who  had  visited  British 
Columbia  for  the  purpose  of  continuing  researches  relating  to  the  native  languages 
under  the  auspices  of  the  British  Association  for  the  Advancement  of  Science,  com- 
municated with  the  Bureau,  suggesting  that  he  be  given  authority  and  means  for 
visiting  the  Kathlamet  Indians  of  the  lower  Columbia  region  and  collecting  texts 
representing  their  language  and  mythology.  After  correspondence  he  was  author- 
ized to  carry  out  his  plan  of  operations,  the  material  collected  to  be  conveyed  to 
the  Bureau  for  a  stipulated  sum.  Dr.  Boas  devoted  several  weeks  to  the  work,  and 
after  his  return  to  eastern  United  States  prepared  the  material  for  publication.  It 
was  not  quite  complete  at  the  end  of  the  fiscal  year,  but  was  soon  afterward  trans- 
mitted and  found  to  be  a  valuable  addition  to  knowledge  concerning  the  north- 
western tribes. 

About  the  end  of  December  Mr.  James  Mooney  proceeded  to  the  field  in  Indian 
Territory  for  the  purpose  of  making  researches  concerning  the  Kiowa  calendar  and 
the  Kiowa  heraldic  system.  He  remained  dwelling  among  the  Kiowa  Indians  until 
after  the  close  of  the  fiscal  year.  Among  the  Kiowa  as  among  other  Plains  Indians, 
and  indeed  among  all  of  the  aboriginal  tribes,  there  is  a  widespread  symbolism  by 
which  the  arts  are  influenced  and  guided.  Under  this  symbolism  tents,  shields, 
arrows,  pipes,  musical  instruments,  robes,  and  other  articles  are  inscribed,  painted, 
or  otherwise  marked  with  designs.  In  many  cases  these  designs  possess  decorative 
value,  and  by  superficial  students  they  are  commonly  supposed  to  be  used  simply 
for  decoration ;  but  stud}'  of  the  Indian  character  and  motive  shows  that  the  design 
is  not  primarily  decorative  (though  the  germ  of  decoration  may  be  found  therein), 
but  symbolic  and  fraught  with  meaning  to  those  who  understand  the  symbolism. 
This  primitive  symbolism  is  found  to  be  developed  and  differentiated  in  TariooB 
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ways  among  different  tribes  of  the  American  aborigines ;  among  the  Kiowa  Indians 
it  is  differentiated  into  a  crade  yet  highly  significant  system  of  heraldry  Avhich 
throws  mach  light  on  the  medieval  heraldry  of  Europe ;  and  in  another  direction  it 
is  differentiated  into  a  system  of  winter  counts  or  calendars,  forming  at  the  same 
time  a  chronologic  system  and  an  historical  record  which,  althongb  crude  and  imper- 
fect, are  of  great  interest.  Among  the  same  Indians  the  system  of  symbolism  has 
been  differentiated  in  a  third  direction,  though  one  nearly  parallel  with  the  first,  in 
snch  manner  as  to  form  a  symbolic  record  of  social  organization  and  relation,  this 
part  of  the  record  being  largely  painted  on  tbe  dressed-skin  tents.  Thus  the  sym- 
bolism of  the  Kiowa  Indians  elucidates  the  origin  of  several  arts  brought  to  perfec- 
tion only  among  mnch  more  highly  cultivated  people ;  it  represents  a  crude  heraldry, 
a  budding  cronology,  a  nascent  decorative  art,  and  the  germ  of  writing. 

Although  remaining  in  the  field,  Mr.  Mooney  made  considerable  progress  during 
the  fiscal  year  in  the  preparation  of  a  memoir  on  the  Kiowa  calendar,  though  the 
manuscript  will  require  revision  as  his  studies  approach  maturity,  after  his  return 
to  the  office. 

Office  Work, 
archeology. 

Prof.  W.  H.  Holmes,  who  retired  from  the  Bureau  before  the  beginning  of  the  fiscal 
year,  left  two  reports  nearly  ready  for  publication;  one  of  these  relates  to  the  stone 
art  of  the  aborigines  as  exemplified  and  elucidated  by  the  relics  found  in  and  near 
the  tide- water  region  adjacent  to  Chesapeake  Bay ;  the  second  to  the  fictile  art  as 
represented  by  collections  from  eastern  United  States,  especially  from  the  mounds. 
While  both  reports  were  substantially  complete  as  to  letterpress,  they  were  incom- 
plete as  to  illustrations,  and  the  preparation  of  requisite  illustrations  was  carried 
forward  under  the  supervision  of  the  ethnologist  in  charge  and  Mr.  DeLancey  W. 
Gill.  During  July  a  number  of  photographs  were  made,  for  incorporation  in  the 
memoir  on  stone  art,  by  Mr.  Gushing  and  Mr.  William  Dinwiddie.  When  the  illus- 
trations were  completed  the  memoir  was  incorporated  in  the  Fifteenth  Annual 
Report  of  the  Bureau,  which  was  sent  to  press  during  the  year. 

During  portions  of  July  and  August  Mr.  Dinwiddie  was  engaged  in  the  elabora- 
tion of  notes  on  a  remarkable  steatite  quarry  near  Clifton,  Va.,  and  in  the  transfer 
of  the  collections  to  the  National  Museum.  The  Clifton  quarry  is  one  of  the  largest 
of  the  aboriginal  excavations  of  8oax>stone  thus  far  found  in  eastern  United  States, 
and  is  noteworthy  for  the  depth  of  the  cutting  and  the  large  amount  of  fragmentary 
and  other  material  representing  the  processes  of  primitive  quarrymen.  Mr.  Din- 
widdie's  work  on  this  material  was  interrupted  when  he  Joined  the  expedition  into 
the  Papago  country,  and  his  report  has  not  been  completed. 

Mr.  Cosmos  Mindeleff,  who  returned  from  the  field  about  the  end  of  September, 
was  occupied  during  the  greater  part  of  October  in  closing  his  accounts  and  in  other 
duties  connected  with  the  termination  of  long  continued  field  operations.  After- 
wards he  began  the  preparation  of  a  report  on  his  surveys  and  researches.  During 
November,  December,  and  January  the  material  was  reduced  to  the  form  of  a  memoir 
on  the  cliff  ruins  of  Canyon  de  Chelly.  In  February  a  preliminary  draft  of  the  text 
was  brought  to  substantial  completion,  and  the  later  portion  of  March  was  spent 
chiefly  in  the  preparation  of  illustrations.  During  March  and  April  the  text  was 
revised  and  rewritten,  and  toward  the  end  of  the  latter  month  it  was  submitted  for 
publication.  The  preparation  of  the  final  drawings  for  the  illustrations  was  also 
substantially  completed,  and  in  June  the  memoir  was  assigned  for  publication  in  the 
Sixteenth  Annual  Report  of  the  Bureau. 

Mr.  Mindeleff's  suryeys  recorded  in  his  report  on  Canyon  de  Chelly  were  both 
extended  and  detailed,  and  have  yielded  a  large  body  of  especially  trustworthy  data 
relating  to  this  interesting  portion  of  the  continent.  In  a  large  number  of  caues  he 
made  diagrams  showing  the  ground  plans  of  structure,  based  on  careful  measure- 
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ments,  and  these  plans  were  connected  in  plats  which  were  in  turn  comhined  into 
maps.  Whenever  practicable  the  plans  were  supplemented  by  drawings  in  elevation 
and  perspective,  and  by  photographs ;  and  the  photographic  and  other  illustratioQB 
present  vividly  the  characteristics  of  the  region  examined  and  the  conditions  under 
which  the  ancient  cliff  dwellers  lived,  moved,  worshiped  their  mysteries,  defended 
themselves  against  enemies,  died,  and  were  baried  Many  explorations  have  been 
made  in  the  Soathwestern  region,  and  many  students  have  collected  material  relat- 
ing to  the  peculiarly  intelligent  aborigines  of  this  district ;  but  none  of  the  explora- 
tions have  been  more  thorough,  none  of  the  records  more  faithful,  than  that  just 
completed  by  Cosmos  Mindcleff,  and  it  is  thought  that  his  report  will  make  Canyon 
de  Chelly  classic  ground  for  the  archeologist. 

Although  conducted  primarily  for  other  purposes,  the  expedition  directed  by  Mr. 
McGee  resulted  in  a  number  of  interesting  archseologic  discoveries.  Among  these 
may  be  mentioned:  (1)  ''Las  Trincheras,"  a  class  of  temporary  fortifications  about 
isolated  buttes  or  peaks  near  habitable  valleys,  forming  a  new  archseologic  type  for 
this  country ;  (2)  a  considerable  number  of  prehistoric  village  sites,  irrigation  works, 
etc.,  in  a  region  heretofore  supposed  to  be  barren  archseologically ;  (3)  extended 
village  sites,  each  dominated  by  one  or  more  ceremonial  or  other  ground  structures, 
sometimes  accompanied  by  inclosures  suggesting  the  domestication  of  animals;  aifd 
(4)  great  acequias,  carried  farther  up  the  valley  sides  than  the  present  irrigation 
works,  indicating  more  complete  conquest  of  the  waters  during  prehistoric  timea 
than  at  present.  The  archseologic  material  collected  during  the  expedition  has  not 
been  prepared  for  extended  publication,  but  is  withheld  for  further  research  in  the 
same  region. 

Although  the  collections  in  the  National  Museum  made  by  members  of  the  Bureau 
in  former  years  for  the  purpose  of  Illustrating  the  life  of  the  Pueblo  tribes  since  the 
Spanish  advent  is  exceedingly  rich,  comparatively  few  objects  representative  of  the 
prehistoric  arts  of  these  interesting  people  have  been  collected.  Opportunity  having 
at  last  been  afforded  for  excavation  among  the  remains  of  the  ancient  cliff-dwellings 
and  pueblo  peoples  of  the  Southwest,  the  Bureau  was  fortunate  enough  to  enlist  the 
services  of  the  late  director  of  the  Hemenway  Expedition,  Dr.  J.  Walter  Fewkes, 
the  results  of  whose  researches  among  the  Hopi  Indians  of  Tnsayan,  Ariz.,  are  well 
known.  Dr.  Fewkes  proceeded,  late  in  May,  to  the  unfrequented  locality  known  as 
the  Red  Rock  country,  southwest  of  Flagstaff,  Ariz.,  where  he  had  the  good  fortmie 
to  find  a  group  of  extensive  cliff  ruins  hitherto  unknown  to  archoiologists  and  not 
despoiled  by  white  men.  Excavation  was  prosecuted  among  these  aborigi nal  remains 
during  June  with  considerable  success,  and  a  number  of  excellent  photographs  were 
made.  At  the  end  of  the  month  Dr.  Fewkes  returned  to  Flagstaff  with  a  view  of 
reoutfitting  for  a  thorough  exploration  of  some  of  the  extensive  and  presnniably 
rich  ruins  in  the  Tusayan  country  of  northeastern  part  of  the  territory. 

DESCRIPTIVE   ETHNOLOGY. 

Ever  since  the  discovery  of  the  American  continent  explorers  have  been  impresaed 
by  the  characteristics  of  the  aborigines,  and  many  of  them  have  recorded  their  obser- 
vations and  impressions  in  reports,  letters,  diaries,  and  treatises,  and  great  numbers 
of  these  records  have  been  printed  and  published  to  the  world.  In  this  way  a  great 
body  of  literature,  sometimes  styled  Americana,  has  been  produced.  A  g^at  part 
of  this  body  of  literature  relates  partly  or  wholly  to  the  American  Indians.  Usually 
the  records  were  based  on  superficial  observation  and  frequently  they  are  vitiated 
by  misapprehension  and  hasty  generalization.  Nevertheless  much  of  the  literature 
represents  actual  observation  of  the  Indians  while  yet  they  retained  primitive  char- 
acteristics. Thus,  although  the  early  records  are  diverse  in  value,  the  body  of  the 
literature  of  this  class  contains  a  large  store  of  information  concerning  the  physical 
characteristics,  mental  attributes,  habits,  customs,  arts,  beliefs,  and  institutions  of 
the  native  Americans.    Moreover,  research  concerning  primitive  peoples  has  shown 
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that  the  ideas  of  the  savage  and  barbarous  peoples  are  expressed  in  the  nomen- 
clatore  mach  more  fully  and  significantly  than  are  those  of  caltared  peoples^  so  that 
the  records  of  personal  and  geographic  names  are  often  of  great  utility  as  indices 
to  the  intellectual  characteristics,  customs,  and  institutions  of  the  Indian  tribes; 
information  of  this  class  abounds  in  America.  Thus  there  is  a  large  store  of  infor- 
mation in  the  publications  of  the  early  and  later  travelers  in  America,  but  the  liter- 
stare  is  so  vast  and  so  widely  scattered  that  the  information  is  nearly  inaccessi- 
ble to  students. 

Eren  before  the  institution  of  the  Bureau  of  American  Ethnology,  ethnologists 
generally  recognized  the  need  of  systematic  information  concerning  the  aboriginal 
tribes,  and  several  students  had  made  essays  toward  the  collection  of  such  informa- 
tion from  the  voluminous  literature,  either  for  personal  use  or  for  publication.    When 
the  Bureau  was  organized,  one  of  the  lines  of  work  projected  was  the  comi)ilation  of 
snch  information  from  the  published  literature  and  from  manuscripts,  the  compila- 
tion being  guided  and  corrected,  and  the  material  enriched  by  concurrent  research 
among  the  Indians  themselves.    The  bibliographic  work  undertaken  in  the  Bureau 
and  so  long  successfully  carried  forward  by  Mr.  Pilling,  was  designed  lari2:ely  as  a 
means  to  this  end.    In  addition,  all  of  the  collaborators  of  the  Bureau  were  instructed, 
and  many  correspondents  were  urged,  to  obtain  and  record  general  facts  pertaining 
to  the  tribes  with  which  they  came  in  contact ;    and  most  of  the  collaborators  of  the 
Bureau  have  been  employed  from  time  to  time  in  collating  the  material  gathered  in 
this  way.     Anterior  to  the  institution  of  the  Bureau  most  of  the  students  engaged 
in  syi^temizing  the  ethnologic  data,  arranged  the  material  alphabetically  on  cards  or 
in  books,  generally  under  tribal  and  other  proper  names;  this  was  the  method  pur- 
sued by  Dr.  O.  T.  Mason,  of  the  Smithsonian  Institution,  who  was  engaged  in  the 
n  ork  before  the  institution  of  the  Bureau ;  and  essentially  the  same  plan  was  pursued 
by  Mr.  James  Mooney  daring  his  earlier  researches  before  he  became  connected  with 
the  Bureau. 

Under  this  method  of  assembling  the  data,  it  frequently  happened  that  the  rec- 
ords were  brief  and  incomplete  and  that  the  terms  under  which  the  entries  were 
luade  were  variable,  so  that  much  care  and  thought  were  necessarily  devoted  to  the 
ascertainment  of  synonymy.  As  the  work  progressed  with  the  Bureau  the  studies 
continued,  and  the  director  and  collaborators  engaged  in  the  compilation  came  to 
speak  of  the  work  as  a  "Synonymy''  of  the  Indian  tribes.  As  the  material  con- 
tinued to  accumulate,  and  particularly  as  the  more  extended  and  more  accurate 
information  gained  by  actual  researches  among  the  Indians  was  incorporated,  it  was 
found  that  the  synonymy  proper  diminished  relatively,  while  the  body  of  general 
information  became  greatly  expanded.  Now  that  the  n^cords  have  so  increased  as 
to  (ill  several  hundred  thousand  cards,  it  is  found  that  the  work  forms  a  great  cyclo- 
pedia relating  to  the  Indian  tribes,  which  even  in  manuscript  form  is  of  large  and 
constantly  increasing  utility.  With  the  development  of  a  plan  for  publication,  as 
set  forth  in  the  last  report,  the  inadequacy  of  the  original  name  for  the  work  came 
to  be  appreciated,  and  during  the  present  year  it  has  been  decided  to  begin  the  issue 
of  the  work  in  a  series  of  bulletins  corresponding  with  the  aboriginal  linguistic 
stocks,  under  the  designation  "Cyclopedia  of  the  American  Indians.'' 

Throughout  the  fiscal  year  Mr.  F.  W.  Hodge  has  had  charge  of  the  work  on  the 
cy<'1opedia,  and  during  most  of  the  time  he  has  been  engaged  in  preparing  the  records 
pertaining  to  several  southwestern  stocks  for  publication.  Early  in  the  year  Mr.  J. 
Owen  Dorsey  also  contributed  to  the  work,  and  during  July,  August,  and  Septem- 
ber, Mr.  James  Mooney  was  occupied  partly  in  extending  the  portion  of  the  cyclo- 
pedia relating  to  the  Siouan  «amily.  Several  bulletins  are  practically  ready  for  the 
press,  and,  save  for  conditions  growing  out  of  the  modification  of  the  law  governing 
the  public  printing,  some  of  these  would  have  been  sent  to  the  press  before  the  close 
of  the  year. 

In  18S3  Mr.  C.  C.  Ro^ce  was  employed  in  the  Bureau  to  collect  and  tabulate  the 
Tirioiu  trsatias  with  the  Indian  tribes  relating  to  the  cewion  and  transfer  of  landa. 
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The  work  was  substantially  completed,  and  the  lands  affected  by  the  yarions  treaties 
described  in  schedules  and  platted  on  maps.  These  schedules  and  maps  were  duly 
tamed  in  by  Mr.  Royce  and  were  added  to  the  archives  of  the  office  for  use  in  con- 
nection with  the  more  strictly  ethnologic  researches.  Since  that  date  freqnrat 
requests  for  information  concerning  the  Indian  land  treaties  have  been  received,  and 
thereby  the  value  and  accnracy  of  the  work  has  been  fully  tested.  During  the  year 
the  demand  for  such  information  so  increased  that  it  was  decided  to  snbmit  the 
material  for  publication.  While  the  schedules  and  maps  were  in  most  respects  ready 
for  printing,  revision  of  certain  portions  seemed  to  be  required,  and  a  general  intro- 
duction was  thought  to  be  desirable.  Accordingly  in  November  the  work  of  revision 
was  assigned  to  Dr.  Cyrus  Thomas,  who  also  undertook  the  preparation  of  the 
requisite  introductory  chapter.  The  remainder  of  the  fiscal  year  was  spent  by  Dr. 
Thomas  chiefly  in  the  completion  of  this  task,  which  was  not  quite  done  at  the  end 
of  that  time.  The  work  is  designed  for  publication  as  Volnme  VIII  of  the  Contri- 
butions to  North  American  Ethnology. 

LINGUISTICS. 

As  the  researches  relating  to  primitive  peoples  in  this  and  other  conntries  pro- 
gressed the  importance  of  linguistic  studies  became  more  and  more  apparent.  Man- 
kind is  preeminent  partly  because  of  a  variety  of  individual  characteristics,  yet  in 
large  measure  because  of  social  organization ;  and  it  is  throngh  organization  that 
men  have  been  successively  raised  from  savagery  to  barbarism,  from  barbarism  to 
civilization,  and  from  simple  civilization  to  the  highest  enlightenment  and  hnmanity. 
Now,  the  basis  of  organization  is  expression,  and  the  art  of  expression  is  accordingly 
paramount  among  the  arts  of  men,  and  ethnologists  have  found  that  the  grade  of 
development  and  the  classific  relations  of  peoples  are  more  justly  indicated  by  their 
arts  of  oral  expression  than  in  any  other  way.  Thus  the  accepted  ethnologic  classi- 
fication in  this  and  other  countries  is  primarily,  if  not  wholly,  linguistic. 

The  importance  of  linguistic  researches  has  been  recognized  in  the  Bureau  of 
American  Ethnology  from  the  outset,  and  much  labor  has  been  expended  in  the  col- 
lection of  linguistic  literature  as  a  basis  for  the  classification  of  the  tribes  and  also 
as  a  means  for  still  further  extending  the  principles  of  ethnic  classification. 

During  the  last  fiscal  year  this  branch  of  the  work  has  been  carried  forward  con- 
tinuously by  Dr.  Albert  S.  Gatschet  and  Mr.  J.  N.  B.  Hewitt,  and  during  a  part  of 
the  year  by  the  Director  and  Mr.  J.  Owen  Dorsey. 

The  work  of  the  Director  in  linguistics  during  the  year  was  largely  ancillary  to 
the  researches  in  psychology  and  in  anthropologic  classification.  In  this  connection 
portions  of  the  rich  store  of  linguistic  manuscripts  were  examined,  and  the  princi- 
ples of  linguistic  development  were  formulated  for  the  use  of  the  collaborators. 

Mr.  J.  Owen  Dorsey  was  occupied  during  July  in  (1)  the  preparation  of  a  cata- 
logue of  the  Teton-Dakota  manuscripts  by  Messrs.  Bnshotter  and  Brnyier,  in  pos- 
session of  the  Bureau,  and  (2)  the  continuation  of  his  work  on  the  Winnebago  texts 
and  dictionary  slips,  noted  in  previous  reports;  and  during  August  the  first  of 
these  lines  of  work  was  completed,  and  he  then  rearranged  the  linguistic  manu- 
scripts of  the  fireproof  vaults  of  the  Bureau.  Many  of  these  manuscripts  are 
unique.  A  largo  proportion  represent  the  work  of  the  regular  collaborators  of  the 
Bureau,  but  several  have  been  derived  from  other  sources  by  exchange  or  by  dona- 
tion, through  the  interest  in  the  subject  developed  early  in  the  history  of  the 
Bureau^  The  material  is  of  great  scientific  value,  and  it  is  deemed  important  that 
it  should  be  arranged  in  readily  accessible  form,  in  connection  with  a  suitable  cata- 
logue. On  completing  this  task,  Mr.  Dorsey  resumed  the  preparation  of  material  for 
the  synonymy  of  the  Siouan  stock,  in  connection  with  which  he  prepared  during 
November  a  brief  memoir  on  Siouan  sociology,  which  was  afterwards  revised  by 
Mr.  McGee  for  incorporation  in  the  sixteenth  annual  report  of  the  Bureau.  During 
December  Mr.  Dorsey's  work  was  interrupted  by  illness,  which,  to  the  great  loss  of 
science,  terminated  fatally. 


rifti  indiote  that  it  is  in  condition  for  publication  so  far  as  the  Torabulary 
led,  tboagh  farther  material  will  be  required  before  the  grammar  can  be 
Tbere  is  now  in  the  Bureau  archivea  a  lurga  bod;  of  carefally  eelected 
relatiDg  to  the  Algonquian  languagSH,  collected  mainly  thrau);b  Dr. 
■  per*eTering  intlnstr;.  Considerable  portions  of  the  material  are  sabHtau- 
uly  for  publication ;  but  it  seema  desirable,  before  sending  the  matter  to 
.  to  extend  researches  concerning  certain  of  the  dialects  and  to  introdnce 
e  b;  a  diecnssion  of  the  niodea  of  development  and  the  means  of  dialectic 
iatioQ.  A  part  of  the  Director's  work  doting  the  year  was  contributed 
uch  &n  in  trod  action  and  discussion. 

N.  B.  Hewitt  was  occupied  daring  a  part  of  the  year  in  traascrilnng  in 
publication  the  Tubari  vocabulary  collected  during  the  last  fiscal  year  by 
Lnmholtz,  and  in  making  comparative  studies  of  this  and  other  material 
1  by  Dr.  Lumholtz  and  other  explorers  and  ethnologists  in  sonthwestem 
states  and  Mexico.  The  taak  of  preparing  the  Tubari  material  for  pnblica- 
ved  to  be  great,  bnt  was  nearly  completed  during  tbe  fiscal  year;  when  ready 
■ting,  the  monograph  will  be  an  nniqoe  and  invaluable  record  of  a  once 
OS  tribe,  now  nearly  extinct. 

tervais  during  Ihe  year  Mr.  Hefitt  naa  engaged  in  a  comparative  atndy  of 
loan  aa  used  by  various  Indian  tribe«.  The  pronoun  is  an  important  element 
LtivB  speech,  and  baa  received  much  attention  from  liugnists  and  philologists 
'  parta  of  the  world.  The  archives  of  the  Bureau  now  afford  a  more  extended 
r  research  concerning  this  element  than  is  known  to  exist  elsewhere,  and  this 
1  baa  been  nsed  efficiently  and  successfally  by  Mr.  Hewitt  in  hia  researches, 
ngh  the  discussioa  of  the  subject  was  well  advanced  at  tbe  cloee  of  tbe  fiscal 
was  not  yet  in  form  for  publication. 

MTTHOLOOY. 

Uatilda  Coxe  Stevenson,  whose  anfortunate  state  of  health  has  somewhat 
1  the  progressof  hei  reaearches,  continued  the  revision  of  notes  and  the  final 
of  mannscript  for  her  report  on  the  ZnTii  Indians.    This  elaborate  report  haa 
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tial  element  in  such  divinatory  games.  One  of  the  resnlts  of  these  researches  is  a 
demonstration  of  the  world-wide  use  of  the  arrow  and  of  the  existence  of  cIom 
analogies,  if  not  homologies,  in  fundamental  symbolism  among  the  primitive  peoplce 
of  several  continents.  The  researches  also  indicate  relative  recency  in  origin  of 
many  of  the  games  played  for  amusement  among  civilized  peoples;  and  they  bhow 
the  origin  and  successive  stages  of  development  of  many  of  these  games  with  remark- 
able clearness.  In  scientific  research  each  well-established  conclnsion  gives  anew 
point  of  view  from  which  the  student  is  able  to  see  further  than  before  into  the 
unknown,  and  from  which  also  he  is  able  to  see  relations  among  the  known  more 
clearly  than  before.  This  is  strictly  true  of  Mr.  Cushing's  researches  concerning  the 
arrow.  His  preliminary  conclusions  have  afforded  insight  into  various  primitive 
customs  and  ideas. 

PSYCHOLOGY. 

Throughout  the  fiscal  year  the  attention  of  the  Director  has  been  given  chiefly  to 
the  development  of  a  classification  of  the  races  of  mankind  with  special  reference  to 
the  American  tribes.  To  this  end  the  physical  and  mental  attributes  of  the  tribes 
were  considered  in  detail ;  and  at  the  same  time  the  art  products  were  studied  as 
the  tangible  expression  of  mental  attributes.  Pursuing  the  investigation,  it  became 
evident  that  the  distinctive  characteristics  of  individuals,  tribes,  and  peoples,  are 
substantially  intellectual.  In  this  way  the  Director  was  led  to  an  analysis  of  the 
psychic  characteristics  of  mankind.  At  first  the  subject  was  obscure  and  appar- 
ently so  complex  as  to  discourage  investigation ;  but  as  the  work  progressed,  and  as 
arts,  organizations,  beliefs,  and  ceremonials,  were  interpreted  as  expressions  of 
psychic  organization,  the  causes  of  apparently  unrelated  facts  fell  into  order  and 
substantial  progress  was  made  in  the  researches.  During  recent  months  it  has  been 
found  that  the  researches  concerning  mental  attributes  of  the  American  Indians 
afford  a  clew  to  the  differentiation  of  individuals  and  families,  and  the  coalescence 
of  groups,  and  the  development  of  individual  and  collective  attributes.  Thus  the 
researches  in  psychology  have  already  yielded  a  basis  for  the  classification  of  the 
native  tribes,  and  have  illuminated  the  aboriginal  arts,  institutions  and  beliefs. 

Considerable  progress  has  been  made  in  the  preparation  of  an  extended  report 
on  the  classification  of  the  native  races  and  their  attributes  on  a  comprehensive 
psychic  basis ;  but  the  memoir  remained  unfinished  at  the  end  of  the  year. 

BIBLIOGRAPHY. 

Notwithstanding  the  serious  condition  of  his  health,  Mr.  James  C.  Pilling  con- 
tinued almost  uninterruptedly  the  compilation  of  the  bibliography  of  the  languages 
of  the  North  American  Indians.  The  early  part  of  the  year  was  devoted  specially  to 
the  preparation  of  th^  Shahaptian  bibliography;  but  realizing  the  gradual  failure 
of  his  strength,  Mr.  Pilling  decided  to  lay  aside  this  work  and  to  devote  his  energy 
to  the  more  important  and  extensive  bibliography  of  the  Mexican  languages,  and 
in  this  labor  he  was  engaged  until  toward  the  close  of  the  year,  when,  his  strength 
having  become  completely  exhausted,  he  was  compelled  to  abandon  it.  This  bibli- 
ography, however,  is  left  in  such  condition  that  it  is  believed  the  compilation  may 
be  made  ready  for  publication  without  great  labor.  With  the  possible  exception 
of  the  Algonquian  bibliography,  the  bibliography  of  the  Mexican  languages  will 
be  the  most  voluminous  of  the  entire  series,  and  many  inquiries  concerning  and 
applications  for  the  volume  have  already  been  made  by  students.  After  a  long  and 
faithful  career  in  behalf  of  the  Bureau  of  American  Ethnology,  the  fruits  of  which 
are  known  the  world  over,  Mr.  Pilling's  services  terminated  with  the  close  of  the 
month  of  May. 

PUBLICATIONS. 

Satisfactory  progress  was  made  with  the  publications  of  the  Bureau  during  the 
year,  the  editorial  work  being  conducted  uuder  the  immediate  direction  of  the  cth* 
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nologist  in  charge,  aided  largely  by  Mr.  F.  W.  Hodge  and  Mr.  George  M.  Wood. 
As  stated  in  my  report  for  the  fiscal  year  ending  June  30,  1894,  the  first  proofs  of 
the  thirteenth  annual  report  were  received  from  the  Public  Printer  in  June;  by 
the  beginning  of  October  the  entire  volume,  with  the  exception  of  the  administra- 
tive report  and  the  index,  was  in  page  form;  the  former  has  since  been  prepared 
and  tranamittedy  and  the  compilation  of  the  index  was  well  under  way  at  the  close  of 
the  year. 

On  Jnne  1  the  manoBcript  of  the  text  and  illastrations  for  the  fourteenth  annual, 
and  on  Jnne  14  the  copy  for  the  fifteenth  annual  were  transmitted  to  the  printer, 
bot  no  proofs  had  been  received  at  the  close  of  the  year. 

Proof  reading  of  the  bulletin  bearing  the  title  Chinook  Texts,  by  Franz  Boas, 
was  continued  from  the  last  fiscal  year  (when  176  pages  were  in  type),  and  carried 
to  completion  by  the  middle  of  December.  The  edition  of  this  bulletin  was  delivered 
in  May,  1895. 

Final  proof  reading  of  the  bulletin  An  Ancient  Quarry  in  Indian  Territory,  by 
W.  H.  Holmes,  was  also  completed,  and  in  October  the  brochure  was  ready  for 
distribution. 

Early  in  August  the  manuscripts  of  three  other  bulletins  were  transmitted  to  the 
Public  Printer.  One  of  these,  the  List  of  Publications  of  the  Bureau  of  Ethnology, 
by  F.  W.  Hodge,  was  received  shortly  afterward,  and  in  November  the  edition  was 
delivered.  In  September  the  first  proofs  of  Archeologic  Investigations  in  James 
and  Potomac  Valleys,  by  Gerard  Fowke,  were  received.  By  the  close  of  the  year 
the  proof  reading  was  completed,  and  the  edition  waa  delivered  by  the  Government 
Printing  Office  in  May,  1895.  During  the  same  period  proof  of  the  bulletin  entitled 
Sionan  Tribes  of  the  East,  by  James  Mooney,  was  read,  and  the  edition  received  also 
in  May. 

To  summarize,  the  following  publications  were  delivered  by  the  Public  Printer 
and  transmitted  to  the  regular  correspondents  of  the  Bureau  during  the  fiscal  year : 
Eleventh  annual  report,  for  1889-90,  containing,  in  addition  to  the  Director's 
report  of  25  pages,  the  following  memoirs :  (1)  The  Sia,  by  Matilda  Coxe  Stevenson. 
Pages  3  to  157,  PU.  i-xxxv,  figs.  1-20.  (2)  Ethnology  of  the  Ungava  District,  by 
Lncien  M.  Turner.  Pages  159  to  349,  Pis.  xxxvi-xliii,  figs.  21-155.(3)  A  Study  of 
Sionan  Cults,  by  J.  Owen  Dorsey.    Pages  351  to  544,  Pis.  xliv-l,  figs.  156-200. 

Twelfth  annual  report,  for  1890-91,  containing,  in  addition  to  the  Director's  account 
(28  pages)  of  the  administration  of  the  Bureau  during  the  year,  the  following: 
Beport  on  the  Mound  Explorations  of  the  Bureau  of  Ethnology,  by  Cyrus  Thomas. 
Pages  3  to  722,  Pis.  i-XLii,  figs.  1-344. 

Contributions  to   North  American  Ethnology,  Volume  IX,   comprising  Dakota 
Grammar,  Texts,  and  Ethnography,  by  S.  R.  Riggs,  edited  by  J.  Owen   Dorsey. 
XXXII,  239  pp. 
Bulletin  T=20,  Chinook  Texts,  by  Franz  Boas.    278  pp.,  1  pi. 
Bulletin  U=21,  An  Ancient  Quarry  in  Indian  Territory,  by  W.  H.  Holmes.     19  pp., 
12  pis.,  7  figs. 
Bulletin  y==22,  Sionan  Tribes  of  the  East,  by  James  Mooney.     100  pp.,  map. 
Bulletin  W=:23,  Archeologic  Investigations  in  James  and  Potomac  Valleys,  by 
Gerard  Fowke.    80  pp.,  17  figs. 

Bulletin  X  =24,  List  of  Pablications  of  the  Bureau  of  Ethnology,  by  F.  W.  Hodge. 
25  pp. 

MIBC1SLLANEOUS. 

Library. — ^The  growth  of  the  library,  mainly  through  exchange  with  scientific 
institutions  and  individuals  throughout  the  world,  has  been  steady.  T  .»e  number 
of  volumes  in  i>o8Be8sion  of  the  Bureau  is  5,029,  an  increase  of  679  volumes  since  the 
last  fiscal  year.  The  accession  of  pamphlets  and  periodicals  during  the  same  period 
has  been  proportionately  great. 
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UluBtrations, — The  preparation  of  illnstrations  for  the  publications  of  the  Baretn 
of  American  Ethnology  has  been  oontinned  nnder  the  direct  supervision  of  Mr. 
De  Lancey  W.  Gill,  to  whose  artistic  skill  and  intelligent  interest  in  anthropologic 
subjects  the  high  standard  of  the  pictorial  part  of  the  Bureau's  published  worlu  is 
largely  due. 

Photographs, — In  addition  to  the  splendid  series  of  photographs  made  by  Mr.  Din- 
widdie,  under  the  direction  of  Mr.  McGee,  during  the  season  of  exploration  among 
the  Seri  and  Papago,  and  those  made  by  Mr.  Mindeleflf  at  Canyon  de  Chelly,  isdi- 
vidual  and  group  photographs  were  made  of  an  Osage  and  an  Otoe  delegation  who 
visited  Washington  in  February  and  March,  respectively. 

NECROLOGY. 

Garrick  Mallery, — Col.  Garrick  Mallery,  who  died  at  his  home  in  Washington  City, 
October  24,  ISS*!,  was  bom  in  Wilkesbarre,  Pa.,  April  23,  1831.  After  his  graduation 
at  Yale  College  and  a  due  course  of  study  under  the  direction  of  his  father,  Judge 
Garrick  Mallery,  he  began  the  practice  of  law  in  Philadelphia,  which  he  continued 
until  the  outbreak  of  tbe  civil  war,  when  he  entered  the  volunteer  service  as  captain  in 
the  Seventy-first  Pennsylvania  Infantry.  Throughoutthe  rebellion  Mallery  displayed 
unusual  bravery.  In  June,  1862,  at  the  battle  of  Peach  Orchard,  Virginia,  he  wai 
twice  severely  wounded,  and  while  lying  on  the  battlefield  was  captured  and  sent 
to  Libby  Prison,  at  Richmond,  where  he  remained  until  exchanged  and  sent  to  hiB 
home  at  Philadelphia.  As  soon  as  he  had  suflQciently  recovered  from  his  wounds 
Mallery  returned  to  duty  and  became  lieutenant-colonel  of  the  Thirteenth  Pennsyl- 
vania Cavalry,  which  position  he  retained  until  the  close  of  the  war.  In  1866  he 
was  commissioned  captain  of  the  Forty-third  Infantry  of  the  Regular  Army,  and 
later  the  brevet  rank  of  colonel  was  bestowed  on  him  for  gallant  and  meritorioos 
services.  His  scientific  knowledge  was  early  recognized  by  the  War  Department, 
and  in  1870  he  was  detailed  to  execute  a  plan  adopted  by  law  for  the  prosecution  of 
meteorological  researches  by  the  Signal  Service,  and  in  this  connection  frequently 
acted  as  chief  signal  officer  of  the  Army. 

Colonel  Mallery's  studies  of  the  ethnology  of  the  Indians  of  North  America  began 
with  his  military  service  on  the  frontier.  In  1876  he  was  assigned  to  the  command 
of  Fort  Rice,  Dak.,  where  he  became  absorbed  in  the  sign  language  and  pictography 
of  the  plains  tribes.  His  writings  on  these  subjects  soon  became  well  and  favorably 
known,  and  on  the  organization  of  the  Bureau  of  Ethnology  in  1879  his  services 
were  at  once  engaged  by  the  director  for  the  prosecution  of  the  researches  he  had 
so  well  begun.  In  1880  his  Introduction  to  the  Study  of  Sign  Language  Among  the 
North  American  Indians  as  Illustrating  the  Gesture  Speech  of  Mankind,  was  pub- 
lished, followed  immediately  by  A  Collection  of  Gesture  Signs  and  Signals  of  tbe 
Nort'h  American  Indians,  with  Some  Comparisons.  The  latter  volume  formed  the 
btisis  of  his  memoir  on  Pictographs  of  the  North  American  Indians,  a  preliminary 
paper  of  256  pages  published  in  the  fourth  annual  report  of  the  Bureau,  and  the 
greatly  extended  memoir  of  807  pages  aud  over  1,300  illustrations  bearing  the  title 
Picture  Writing  of  the  American  Indians — a  monument  to  his  industry  and  ingenious 
research — comprising  tbe  body  of  tbe  tenth  annual  report  of  the  Bureau.  Colonel 
Mallery's  Sign  Language  Among  North  American  Indians  Compared  with  that  Among 
other  People  and  Deaf-Mutes,  which  appeared  in  the  first  annual  report  of  the 
Bureau,  was  based  on  his  Collection  of  Gesture  Signs  aud  Signals,  but  even  this 
monograph  of  290  pages  and  300  illustrations  was  regarded  only  as  preliminary,  bis 
great  work  on  this  subject  remaining  unfinished  at  the  time  of  his  death. 

Colonel  Mallery  was  the  first  to  direct  serious  attention  to  the  investigation  of  tbe 
population  of  the  American  aborigines  in  past  times  as  compared  to  the  present,  and 
his  paper.  The  Former  and  Present  Number  of  Our  Indians,  effectually  exploded  tbe 
old  theory  that  the  aboriginal  population  of  America  at  the  time  of  the  discovery 
was  much  greater  than  at  the  present  period.  But  Colonel  Mallery's  anthropologic 
researches  were  not  confined  to  the  American  Indians.    His  studies  in  general  soci- 
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ohgj  nhorw  a  'wide  and  iDtimate  acquaintance  ^ith  the  literature  and  peoples  of  both 
contioentA,  and  bis  various  writings  exemplify  his  scholarly  taste  and  strong  po^yer 
of  philosophic,  comparison.    Among  the  papers  pertaining  to  this  subject  prepared 
by  Colonel  Mallery  are :  Manners  and  Meals,  Greeting  by  Gesture,  Customs  of  Cour- 
tesy, Philosophy   and    Specialties,  and  The  Gesture  Speech  of  Man.     His  study, 
"Isnelite  and  Indian — a  parallel  in  planes  of  culture,"  provoked  much  discussion 
imoDg  scientific  men,  and  was  translated  into  the  German  by  Dr.  Frederick  S.  Krauss. 
In  the  words  of  a  life-long  friend,  Garrick  Mallery  was  *'  the  gallant  soldier  with 
a  stainless  record ;  the  scholar  largely  read  in  the  literature  of  his  own  and  other 
times;  the  man  of  science  who  has  left  an  imperishable  record  of  ingenious  and  far- 
reaching  research ;  the  trusted  councilor  in  the  societies  which  honored  him  with 
their  highest  dignities;  the  genial  companion;  the  affectionate  husband ;  the  staunch 
friend;  the  high-hred  gentleman. '' 

Jamet  Owen  Darsey. — In  the  death  of  Mr.  Dorsey  American  ethnology  lost  a  bril- 
liant student.  Bom  in  Baltimore  October  31, 1848,  he  acquired  his  primary  education 
in  the  schools  of  his  native  city.  At  an  early  age  he  evinced  a  marked  precocity  in  the 
acquirement  of  language;  it  is  said  that  at  6  he  learned  the  Hebrew  alphabet,  and 
ere  he  reached  his  eleventh  year  he  could  read  the  language  with  facility.  At  14 
young  Dorsey  entered  the  Central  High  School,  now  City  College,  and  pursued  the 
classic  conrse,  but  during  his  second  year  he  was  constrained  to  abandon  his  studies 
by  reason  of  ill  health.  In  the  autumn  of  1867  he  entered  the  preparatory  depart- 
ment of  the  Theological  Seminary  of  Virginia,  and  the  junior  class  in  1869.  Two 
years  later  he  was  ordained  a  deacon  of  the  Protestant  Episcopal  Church,  aud  in 
May  began  mission  work  among  the  Ponka  Indians  of  Dakota  Territory.  But  the 
rigorous  climate  and  the  vicissitudes  of  early  frontier  life  soon  affected  his  health, 
which  was  never  robust,  and  after  serious  attacks  of  illness  in  July,  1872,  and  early 
in  1873,  he  was  compelled  to  abandon  his  mission  work  in  August  of  the  latter  year, 
soon  after  he  had  acquired  the  ability  to  converse  with  the  Indians  without  the  aid 
or  an  interpreter.  Returning  to  Maryland  he  was  engaged  in  parish  work  until 
July,  1878. 

While  pursuing  his  work  as  missionary  among  the  Indians,  Mr.  Dorsey  became  a 
correspondent  of  the  Smithsonian  Institution.  His  profound  knowledge  of  the  dia- 
lects of  the  Siouan  languages  early  attracted  the  attention  of  Maj.  J.  W.  Powell,  at 
whose  instance  he  was  sent  among  the  Omaha  tribe  in  1878  for  the  purpose  of 
acquiring  additional  linguistic  and  other  anthropologic  material,  remaining  among 
that  people  until  the  spring  of  1880.  In  the  meantime,  upon  the  organization  of 
the  Bureau  of  Ethnology,  in  1879,  he  was  immediately  chosen  one  of  the  scientific 
corps  and  was  arduously  engaged  in  linguistic  and  sociologic  work  up  to  the  time  of 
the  illness  which  terminated  in  his  death  in  this  city  on  February  4,  1895. 

His  g^reat  modesty  and  his  strong  conviction  that  the  views  of  a  student  should  be 
molded  by  truths  prevented  him  from  formulating  subjective  theories  by  which  to 
judge  the  value  of  his  facts.  In  the  later  years  of  his  studies  in  linguistic  morphol- 
ogy he  began  to  feel  the  inadequacy  of  the  venerable  agglutination  theory  to  explain 
all  the  facts  of  word  structure  prevailing  in  the  languages  he  was  studying,  and 
he  came  to  look  upon  adaptation — the  infusing  with  a  new  meaning  or  function  an 
element  which  before  had  or  had  not  any  definite  signification — as  an  important 
and  potent  factor  in  the  genesis  and  development  of  morphologic  structures. 
His  mastery  of  the  wealth  of  forms  in  the  languages  he  studied  enabled  him  to 
illustrate  copiously  the  working  of  this  principle.  His  linguistic  acumen  and  pains- 
taking accuracy  are  brought  out  in  his  interlinear  translations  of  numerous  and 
voluminous  texts,  both  in  print  and  in  manuscript.  His  marvelous  aptitude  in 
discriminating,  grasping,  and  retaining  sounds  enabled  him  to  obtain  accurate 
vocabularies  and  texts  with  great  ease,  and  to  detect  differences  of  meaning  and 
function  through  differences  of  sound.  His  freedom  from  subjective  theories,  his 
deep  erudition,  and  enlightened  conservatism  made  him  one  of  the  foremost 
Mtborities  in  American  lingnisticii. 
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In  addition  to  numerous  essays  dealing  with  the  linguistic  ana  other  anthropologio 
matters  which  appeared  from  time  to  time  in  various  periodicals,  Mr.  Dorsey  pub- 
lished under  the  auspices  of  the  Bureau  of  Ethnology  the  following  excellent  and 
suggestive  memoirs :  Omaha  Sociology,  Osage  Traditions,  A  Study  of  Siouan  Cnlta, 
Omaha  Dwellings,  Furniture,  and  Implements ;  Omaha  and  Fonka  Letters,  and  The 
Dhegiha  Language,  with  Myths,  Stories,  andLetters.  He  also  edited  the  Dakota-£]ig> 
lish  Dictionary,  and  Dakota  Grammar,  Texts,  and  Ethnography  of  the  late  Rev.  S.  R. 
Riggs,  forming,  respectively,Volume8yiIandIX  of  Contributions  to  North  Americu 
Ethnology.  At  the  time  of  his  death  he  had  completed  a  paper  on  Siouan  sociology. 
Among  the  papers  and  articles  of  marked  importance  published  in  extra-govern- 
mental media  may  be  mentioned  Migrations  of  Siouan  Tribes,  Comparative  Phonology 
of  Four  Siouan  Languages,  An  Account  of  the  War  Customs  of  the  Osages,  and 
Mourning  and  War  Customs  of  the  Kansas. 

By  reason  of  the  purity  and  unselfishness  of  his  motives,  and  the  warmth  and  sun- 
shine of  his  amiable  nature,  he  won  the  esteem  of  all  who  had  the  pleasure  of  meet- 
ing him,  and,  being  ever  kind,  affable,  and  cheerful  to  his  colleagues,  ever  willing  to 
aid  and  advise  them,  James  Owen  Dorsey  was  sincerely  and  cordially  loved  and 
revered  by  all. 

Very  respectfully,  J.  W.  Powell, 

Diredm'. 
Mr.  S.  P.  Langlky, 

Secretary  of  th^  Smithsonian  Institution, 


Appendix  III. 

lEPORT    OF    THE    CURATOR   OF   EXCHANGES   FOR   THE   YEAR  ENDING 

JUNE  30,  1895. 

Sir:  I  l&ave  the  honor  to  present  the  following  report  npon  the  operations  of  the 
Bareaa  of  International  Exchanges  for  the  fiscal  year  ending  June  30,  1895.  It  is 
confined  almost  entirely  to  the  presentation  of  statistics,  compiled  npon  the  plan 
established  in  1888. 

The  actual  number  of  packages  received  during  the  year  was  somewhat  over  9,000 

(or  8  per  cent)  more  than  during  the  year  preceding,  the  increase  in  the  weight  of 

packagea  l>eing  nearly  92,000  pounds.    This  increase  was  due  in  part  to  the  trans- 

nnission  of  a  considerable  number  of  packages  which,  on  account  of  insufficient 

appropriation,  had  to  be  declined  during  the  preceding  year,  and  more  especially  to 

the  transmission  of  the  Congressional  Library  exchange,  including  a  large  number 

of  packages  that  had  accumulated.    Four  hundred  and  lifty-nine  more  cases  were 

shipped  abroad  than  during  any  previous  year. 


TABULAR   STATEMKNT   OF   TUB   WORK   OF   THE   BUREAU. 

The  work  of  the  Bareau  is  succinctly  given  in  the  annexed  table,  prepared  in  a 
form  adopted  in  preceding  reports : 

Transactions  of  the  Bureau  of  International  Exchanges  during  the  fiscal  year  1894-95, 


•P  S 

a  (S 

'A 

Weight  of  pack- 
ages received. 

Ledger  cards  from  Jan- 
nary  1, 1802. 

Domestic  p  a  c  k  - 
uges  sent. 

Invoices  written. 

Cases   shipped 
abroad. 

i 

s 

is 

199 
162 
116 
214 
208 
203 

233 
184 
217 
195 
245 
217 

Date. 

Foreign  so- 
cieties. 

Domestic  so- 
cieties. 

Foreign  in- 
diviJaals. 

Domestic  in- 
dividuals. 

(C 

s 

5 

18M. 

July 

8«»48 
14.825 
10,749 
6,841 
8,132 
7.108 

10,500 
8,038 
7,792 
8,920 
5,405 

11,860 

27,037 
40, 107 
60,762 
17,824 
18,642 
16,266 

27,749 
17,742 
27,893 
13,641 
17,938 
41,354 

108 

W  IM  J    ................... 

Aninut ......... 

'            i 

204 

September 

October 

1            1 

127 

1 
1 
...... .-I.. 

1               1 

1 

1      226 

KoTember 

1 
1 

1 

211 

DiKi'-ember '. ... 

1 

145 

1695. 
JaoQury 

190 

rebmary  ....  .  .  . . . .  - 

....... ,...__- 

1 

1 

1      229 

March 

' .....1...... 

1 

1 

162 

April 

May 

1 

1 

'       152 

'■ 

1        '      1 

221 

Jane -.... 

1 1 

1      284 

1 

'•• 1 

Total 

107, 118 

326,955  la,  751 

'2.014  9.609  i3,034 

29.111 

27, 180 
6,311 

11,364 
459 

,2. 443 
277 

U,  259 

.    .^ ^^_- 

locrease  over  1893-94.  ■ 

9,149     91,927 

1,760 

394       990 

4L 

a  3, 820 

1      355 

1 

a 

Decrease. 
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For  comparison  with  previous  years,  I  add  a  statement  from  1889  to  1895,  which 
will  make  apparent  the  growth  of  the  service: 


Namber  of  packages  received. 
Weight  of  packages  received. 
Ledger  accounts : 

Foreign  societies 

Foreign  individuals 

Domestic  societies 

Domestic  individuals 

Domestic  packages  sent 

Invoices  written 

Cases  shipped  abroad 

Letters  received 

Letters  written 


1888-89. 

188»-90. 

1890-91. 

1891-92. 

1892-93. 

1893-94. 

75,966 

82,572 

90,666 

97,027 

1 

101,063 

97,909 

179,928 

202.667 

237,612 

226,517 

200,028 

235.028 

4,466 

5,131 

5,981 

6,204 

6,896 

6,991 

4,699 

6,340 

7,072 

7,910 

8,654 

8,619 

1,355 

1,431 

1,588 

2,044 

2,414 

1,620 

2,610 

3,100 

4,207 

4,524 

5,010 

2,983 

17, 218 

13, 216 

29,047 

26,000 

29.454 

32,931 

14,095 

16,948 

21,923 

23,136 

19,996 

20,889 

693 

873 

962 

1.015 

878 

905 

1.214 

1.609 

2,207 

2,323 

2,013 

2,166 

2,050 

1,625 

2,417 

•  2,752 

2,259 

1,904 

18M-%. 

107,118 
336, 9H 

S761 
9,608 
2,614 
3,034 
29,  m 
27,180 
1,361 
2,443 
2,250 


EXPENSES. 

The  expense  of  the  exchange  system  is  met  in  part  by  direct  appropriation  by  Con- 
gress to  the  Smithsonian  Institution  for  the  purpose^  and  in  part  by  appropriations 
made  to  different  Government  Departments  or  Bureaus,  either  in  their  contingent 
funds  or  in  specific  terms  for  repayment  to  the  Institution  for  a  portion  of  the  cost 
of  transportation. 

In  1878  the  Board  of  Regents  established  a  charge  of  5  cents  per  pound  weight  for 
the  publications  sent  out  or  received  by  the  various  Government  Bureaus,  this  charge 
being  necessary  to  prevent  an  undue  tax  upon  the  resources  of  the  Institution.  For 
similar  reasons  it  has  been  found  necessary  to  make  a  charge  of  like  amoant  to  State 
institutions,  from  which  a  further  small  revenue  has  been  derived. 

The  appropriation  made  by  Congress  to  the  Institution  for  the  exchange  service 
for  the  fiscal  year  1894-95  was  in  the  following  terms: 

''For  expenses  of  the  system  of  international  exchanges  between  the  United  States 
and  foreign  countries,  under  the  direction  of  the  Smitlisonian  Institution,  including 
salaries  or  compensation  of  all  necessary  employees,  seventeen  thousand  dollars." 

The  receipts  and  disbursements  by  the  accounting  officer  of  the  Smithsonian  Insti- 
tution on  account  of  international  exchanges,  under  date  of  July  1,  1895,  covering 
the  fiscal  year  immediately  preceding,  were  as  follows: 

RECEIPTS. 

Direct  appropriation  by  Congress $17, 000. 00 

Repayment  to  the  Smithsonian  Institution  from  United  States  Govern- 
ment Departments 5, 327. 54 

State  institutions 35. 50 

From  other  sources 297. 84 

Total 22,660.88 
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KXPEKSRS. 

From  specific  CoDgressional  appropriations : 

Salaries  and  compensation $13, 594. 84 

Freight 1,849.91 

Packing  boxes 7SH.28 

Printing 31.60 

Postage 260.00 

Stationery  and  sapplies 470.36 

Total  disbursements 16,997.99 

Balance  to  meet  outstanding  liabilities  J ane  30, 1895 2. 01 

From  other  sonrcea 4, 092. 62 

Balance 1,568.26 

Total 22,660.88 

The  foregoing  table  shows  that  the  entire  amount  received  from  Government 
Bureaus  and  other  sources  was  $5,660.88,  which  added  to  the  appropriation  of  $17,000 
makes  the  sum  practically  available  for  the  specific  purpose  of  exchanges  $22,660.88, 
while  the  expenses  amounted  to  $21,090.61,  the  balance  being  held  for  repayment  to 
the  Smithsonian  Institution  of  the  sum  $944.36,  which  was  advanced  in  the  year 
1893-94  to  enable  the  Bureau  to  carry  on  its  operations,  and  for  other  outstanding 
liabilities. 

CORRESPONDENTS. 

As  mentioned  in  previous  reports,  it  became  necessary  in  the  latter  part  of  1891  to 
provide  for  an  addition  to  the  series  of  ''ledger''  cards  upon  which  were  entered  all 
packages  sent  or  received  from  a  given  society  or  individual.  A  plan  was  approved 
by  which  the  cards  were  much  reduced  in  size,  the  bulk  of  the  older  cards  having 
already  become  a  matter  of  serious  consideration. 

The  new  and  smaller  ledger  cards  were  begun  on  January  1,  1892,  and  since  that 
date  all  the  transactions  have  been  entered  upon  them.  The  abbreviation  of  the  rec- 
ords and  their  greater  convenience  in  handling  proved  to  be  of  the  utmost  service 
when  it  became  necessary  to  reduce  the  clerical  force  in  the  office,  and  it  is  only  by 
such  abbreviation  of  the  records  and  by  the  introduction  of  several  minor  labor-sav- 
ing devices  that  it  has  been  at  all  possible  to  prevent  the  work  from  falling  seriously 
behind. 

The  number  of  ledger  cards  on  June  30,  1894,  was  20,223,  and  on  June  30,  1805, 
23,406.  The  difference  of  3,185  represents  the  increase  in  the  number  of  new  societies 
or  individuals  upon  the  exchange  lists  during  the  year  making  use  of  the  service, 
while  the  entire  number  of  cards  (23,408)  is  the  number  of  societies  and  individuals, 
both  domestic  and  foreign,  with  which  the  exchange  office  has  had  relations  since 
January  1,  1892. 

Attention  has  been  directed  for  some  time  past  to  the  fact  that  the  list  of  corre- 
spondents in  the  exchange  office  requires  revision  and  recopying  upon  cards,  the 
original  office  list  prepared  and  printed  in  1886  having  become  so  worn  and  so  over- 
f  rowded  by  frequent  interlineations  as  to  be  almost  illegible.  This  revision  was 
authorized  by  the  Secretary  in  March,  1895^  and  the  work  was  completed  by  Mr. 
Boehmer  before  the  expiration  of  the  fiscal  year. 

The  statistical  statement  of  this  work  shows  the  existence  of  23,408  names,  of 
which  10,765  are  establishments  and  12,643  individuals.  They  are  located  in  3,771 
places,  embracing  all  parts  of  the  world  from  Disco,  Greenland,  in  north  latitude 
70^,  to  Port  Stanley,  Falkland  Islands,  in  latitude  50^  south,  and  extending  east  and 
west  to  178°  and  170°,  respectively.  A  recapitulation  of  the  work  is  given  in  the 
IbUowing  table: 
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Correspondents  of  the  Bureau  of  International  Exchanges. 


Coantry. 


APBICA. 


Algeria 

Asores 

Canary  lalands 

Cape  Colony 

Cape  Verde  Islands 

Congo 

East  Africa 

Egypt 

Gambia 

Gold  Coast 

Guinea 

Isle  of  Reanion 

Liberia 

Madagascar 

Madeira 

MalU 

Manritins 

Morocco 

Mosambiqae 

Natal 

Orange  Free  State 

Niger  Territory 

St.  Helena 

San  Paulo  de  Loando 

Sechelles  Islands 

Senegal 

Sierra  Leone 

South  African  Republic. 

Tunis 

Zanzibar 


North  America : 

Greenland , 

British  America 

United  States 

Mexico 

Central  America: 

British  Honduras . . . . 

Costa  Rica 

Guatemala 

Honduras 

Nicaragua 

San  Salvador 

We»t  Indies  (combined). 
South  America: 

A  rgen  tina , 

Bolivia 

Brazil 4 

British  Guiana 

Chile 

Colombia 

Dutch  Guiana 

Ecuador 


AMERICA. 


Correspondents. 

Places. 

Libra    j  Individ- 

ries.     1     uals. 

1 

Total. 

8 

1 
22  !              18 

40 

2                 9 

11 

1                 5 

1 

18 

35               4? 

n 

5' 
2 

5 

4 

2 

13 

23 

35 

u 

2 

2 

1  , 

1 

1 

1 

1 

1 

2 

1 
4 

6 

3 

4 

7 

1                 4 

5 

8 

13 

21 

10 

7 

17 

9 

1 

9 

1 

2 

A 

5 

8 

13 

1  1 

1 

.......... 

I 

1 

3 

4 

1 

1 

.......... 



1 

* 

li         2 

3 

5 1         3 

8 

i\     3 

5 

'     5 

5 

3 

3 
275 

8 

119 

186 

461 

1,113 

2.014 

3.034 

5,048 

35 

104 

76 

180 

1 

2 

4 

6 

4 

21 

24 

45 

6 

35 

44 

79 

13 

6 

19 

25 

lO 

9 

21 

30 

5 

8 

8 

16 

94 

70 

220 

290 

11 

68 

62 

130 

4 

0 

2 

8 

26 

73 

71 

144 

4 

14 

5 

19 

15 

50 

60 

110 

13 

26 

84 

60 

3 

4 

2 

6 

5 

8 

9 

17 
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CorrtMpondents  of  the  Bureau  of  International  Exchanges — Continued. 


Conntiy. 


AMERICA— continned. 
Soath  America — Ck»iitinoed. 

Falkland  Islande 

FreiM:h  Gaiiuia 

Pamgnay 

P©ni 

Umgnay 

Teneza^U 


ASIA. 


Arabia 

Britiah  Bormah 

British  Xorth  Borneo. 

Ceylon 

China 

Cochin-China 

Corea 

Cypru* 

India 

Japan  

Netherlands  Indies . . . 

Persia 

Philippine  Islands 

Siam 

Straits  Settlements . . . 


AUSTRALASIA. 


New  South  Wales. 

Queensland 

Sooth  Australia.. 

Tasmania 

Victoria 

West  Australia . . . 

Kew  Guinea 

New  Zealand 


POLTirSSIA. 


Pyi  Islands 

Manhall  IsUnds 
New  Caledonia . . 
Samoa 


Sandwich  Islands. 
Society  Islands... 


EUSOPE. 


Austria  Hungary. 

Belgium 

Bulgaria 

Denmark 

France 


Germany 

Great  Britain  and  Ireland : 

England 

Ireland 

Scotiand 

Wales 


Places. 


2 

1 

1 

11 

4 
16 

3 
3 
1 

10 

21 

4 

1 

1 

56 

28 

10 

3 

3 

1 

6 


Corresponden  ts. 


Libra- 
ries. 


8 
22 
23 
20 


6 


17 

30 

5 

1 

1 

145 

72 

13 

1 

6 

1 

10 


Individ- 
uals. 

Toua. 

5 

6 

2 

2 

5 

13 

27 

40 

18 

41 

29 

40 

6 

6 

7 

13 

1 

1 

CIV 

8 

54 
4 
5 
2 

98 
128 

17 
5 
9 
5 

10 

69 
29 
44 
21 
62 
2 
1 
27 

3 
1 
3 
5 
32 
1 

506 

242 

6 

104 

1,134 

1,496 

2,143 

116 

238 

23 


25 

84 

9 

6 

3 

243 

200 

30 
6 

15 
0 

20 

120 

55 

74 

34 

136 

9 

1 

86 

3 
1 
3 
5 
46 
1 

1,038 

473 

18 

187 

2,411 

3,350 

3.352 

208 

383 

41 
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Correspondents  of  the  Bureau  of  International  Exchanges — Continned. 


Coontry. 


EDROPS — continned 

G  ibral  Ur 

Greece 

Iceland 

Italy 

Netherlands . 

Norway 

Portugal , 

Rouniania. 

Russia 

Serria 

Spain 

Sweden 

Switzerland 

Turkey 

International .- 

Total 


CorrespoDdeuta. 


Places. 


Libra*      Individ- 


ries. 


uals. 


ToUl 


9 


106 

40 

16 

7 

4 

02 


45 

42 
86 
22 
31 


35 

16 
511  I 
140 

»B, 

82 

22 
341  ' 

12  ' 
134 
141  i 
239  ' 

24 

31 


27 


7 
488 

161 

74 

I 

57 

19  ! 
298 
5  I 

96  ' 
158 
283 

48 


2 

23 
9M 

301 
172 
1:19 

41 
63B 

17 
230 


534 
72 
31 


3,771  I      10.765  i       12,643       23.406 


The  special  exchange  list  for  the  distrihution  of  Smithsonian  docaments  is  also  in 
need  of  revision  and  correction.  It  was  prepared  many  years  ago,  and  not  a  few  of 
the  libraries  to  which  it  was  deemed  proper  at  the  time  to  send  these  publications 
have  sunk  into  obscurity,  while  many  new  libraries  have  been  established  to  which 
it  seems  desirable  that  Smithsonian  documents  should  be  sent.  A  considerable 
number  of  requests  are  received  each  year  inviting  an  exchange  of  publications,  or 
requests  for  the  completion  of  the  Smithsonian  series  of  documents,  with  which  it 
is  rarely  practicable  to  comply.  This  work  has  been  begun,  but  had  not  been  com- 
pleted at  the  close  of  the  year. 

INTERNATIONAL  RXCHANGR  OF   OFFICIAL  DOCUMBNT8. 

Under  the  treaty  of  Brussels  of  1886,  the  text  of  which  is  given  below,*  the  ez- 
chango  of  the  official  publications  of  the  United  States  Government  with  other 
countries  has  been  continued  by  the  Institution,  and  it  now  forms  a  very  large 
proportion  of  the  Bureau's  work. 

•convention  CONCERNING  THE  INTERNATIONAL  EXCHANGES  FOR  OFFICIAL    DOCU- 
MENTS AND   SCIENTIFIC  AND  LITERARY   PUBLICATIONS. 

[Tianslation  from  the  French.] 


The  President  of  the  United  States  of  America,  His  Majesty  the  King  of  the  Bel- 
gians, His  Majesty  the  Emperor  of  Brazil,  Her  Majesty  the  Queen  Regent  of  Spain, 
His  Majesty  the  King  of  Italy,  His  Majesty  the  King  of  Portugal  and  of  the  Algarves, 
His  Majesty  the  King  of  Servia,  the  Federal  Council  of  the  Swiss  Confederation, 
desiring  to  establisli,  on  the  basis  adopted  by  the  conference  which  met  at  BmsselH 
from  the  lOtli  to  the  14th  April,  1883,  a  system  of  international  exchanges  of  the 
official  documents  nnd  of  the  scientific  and  literary  publications  of  their  respective 
States,  have  appointed  for  their  plenipotentiaries,  to  wit: 

The  President  of  the  United  States  of  America,  Mr.  Lambert  Tree,  minister  resident 
of  the  United  States  of  America  at  Brussels;  His  Majesty  the  King  of  the  BelgianSy 


ich  tlie  tnstitntion  is  in  correapondeace  would  also  probably  result  ii 
o  the  Libracy  of  Congress. 


ic  de  Caroman,  his  miaisteT  of  foreign  affairs,  and  the  Chevalier  <le  Moreau, 

iter  of  agricultare,  industry,  and  pnblio  works, 

gesty  the  Emperor  of  Brazil,  the  Count  de  Villenenve,  his  envoy  extraordi- 

.  mioiater  pleDipotentiary  near  His  M^eaty  the  King  of  the  Belgians, 

lajefty  the   Queen  Regent  of   Spain,  Mr.  de  Tavira,  chargd  d'afiaireH  ad 

if  Spain  at  Bmssela, 

^e«ty  the  King  of  Italy,  the  Marqnis  Haffei,  his  ODvoy  extraordinary  aaA 

plenipotentiary  near  His  Majesty  the  King  of  the  Belgians, 
^e«ty  the  King  of  Portugal  and  of  the  Algarvea,  the  Baron  de  Sant'Auna, 
Ltraordinary  and  mioistar  plenipotentiary  of  His  Very  Faithful  M^esty, 
ajeaty  the  King  of  Servia,  Mr.  Marinovitch,  his  envoy  extraordinary  and 

plenipotentiary  near  His  Majesty  the  King  of  the  Belgians, 

ederal  Caancil  of  the  Stvifs  Confederation,  Mr.  Rivier,  its  special  plenipo- 

after  having  commnnicated  between  themselvea  their  fnll  powers,  whiub  are 
I  good  and  due  form,  have  agreed  upon  the  following  articles : 
Lm  I.  There  shall  be  evtablisbed  in  each  of  the  contracting  States,  a  bnreao 
with  the  duty  of  the  eiohangea. 

:l.  The  pnblications  wbicb  the  contracting  Stat«a  agree  to  exchango  are  the 
'g- 

ho  offlcral  documenta,  parliamentary  and  administrative,  which  are  pnb- 
]  the  country  of  their  origin. 
rhe  work*  executed  by  order  and  at  the  ezpeDte  of  the  Government. 

III.  Each  bureau  shall  cause  to  be  printed  a  list  of  the  publicationa  tliat  it 
«  place  at  the  disposal  of  the  contractiug  States. 

tst  shall  be  corrected  and  completed  each  year  and  regnlarly  addressed  to 
tnreaoH  of  exchange. 

IV.  The  hnreans  of  exchange  will  arrange  between  themselves  tho  iiuuiber  of 
rhich  thev  mav  be  able  aventDallv  to  demaod  and  fnmieh. 
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A  large  sarplus  of  GoTernment  docuineuts  available  for  foreign  exchanges  has  nov 
accumnlated,  the  number  of  foreign  Govemmentn  with  which  exchange  relations 
have  been  arranged  not  requiring  at  present  the  entire  number  received  from  the 
printing  office.  The  proper  storage  of  these  documents  has  now  become  a  serious 
problem. 


that  these  bnreaus  will  not  in  any  manner  take  the  initiative  to  bring  about  the 

establishment  of  such  relations. 
Art.  VIII.  These  provisions  apply  only  to  the  documents  and  works  pubiitihed 

after  the  date  of  the  present  convention. 

Art.  IX.  The  States  which  have  not  taken  part  in  the  present  convention  an 
admitted  to  adhere  to  it  on  their  request. 

This  adhesion  will  be  notified  diplomatically  t-o  the  Belgian  Government,  and  by 
that  Goyemment  to  all  the  other  signatory  States. 

Art.  X.  The  present  convention  will  be  ratified  and  the  ratifications  will  be  ex- 
changed at  Brussels  as  soon  as  practicable.  It  is  concluded  for  ten  years  from  ihe 
day  of  the  exchange  of  ratifications,  and  it  will  remain  in  force  beyond  that  time, 
so  long  OS  one  of  the  Governments  shall  not  have  declared  six  months  in  advance 
that  it  renounces  it. 

In  witness  whereof  the  respective  plenipotentiaries  have  signed  it  and  have  there- 
unto affixed  their  seals. 
Done  at  Brussels  in  eight  copies  the  15th  of  March,  1886. 

Lambert  Tree.  [seal.]  Jost  Ma.  db  Tavira.       [seal.] 

Pr.  Db  Caraman.  [seal.]  Maffei.  [seal.] 

Chevalier  De  Moreau.    [seal.]  Baron  db  Sant'Anna.    [seal.] 

Comte  De  Villeneuve.    [seal.]  I.  Marino vitch.  [seal.] 

Alphonse  Rivibr.  [seal.] 
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The  exchange  on  account  of  Government  bureaus  is  shown  in  detail  in  the  following 

table: 

Statement  of  Gwemment  exchanges  during  the  year  1894-95. 


Name  of  bureau. 


Cociimis8i<Mier9  of  the  District 

of  Colombia 

Smithsonian  Institution 

Bnrean  of  Ethnology 

Bureau  of  International 

Exdiangea 

National  Zoological  Park . . . 
U.  &  Agricultural  Department. . 
U.  Su  Army  Medical  jinneum . . . 

U.  &  Botanic  Garden 

U.  &  Boreao  of  American  Be- 

imblica 

U.  S.  Bureau  of  Education 

U.  S.  Bureau  of  Medicine  and 

Surgery 

r.  S.  Bureau  of  Navigation 

U.  S.  Bureau  of  Ordnance,  Navy 

Department 

U.  S.  Bureau  of  Ordnance,  War 

Department 

U.   S.    Bnrean    of  Statistics, 

Treasury  Deportment 

U.S.  Census  Office 

IT.  S.  Coast  and  Geodetic  Survey 
U.  S.  Comptroller  of  the  Cur- 
rency   

(J.  S.  Congreasional  Library 

n.  Sl  Department  of  Labor 

IT.  S.  Department  of  Steam  En- 
gineering, Navy  Department. 

n.  S.  Engineer  Office 

n.  S.  Ei.tomological  Commission 

U.  Su  Fish  CommjAsion 

U.  S.  General  Land  Office 


Packages — 


Received 
for. 


3 

12,094 

190 

2 

1 

220 

1 
1 

1 
96 


Sent 
by. 


6,399 
2,776 


12,739 


3 

1 

1 

30 

7 

1 

95 

21 

4 

974 

34 

53 

1 

40 

2 

5 

61 

443 

4 

7 

Name  of  bureau. 


Packages — 


U.  S.  Geological  Survey 

n.  S.  Hydrographic  Office 

U .  S.  Indian  Affairs  Office 

U.S.Inspec tor-General's  Office, 

War  Department 

IT.  S.  Interior  Department 

U.  S.  Interstate    Commerce 

Commission 

U.  S.  LightrHouse  Board 

U.  S.  Marine-Hospital  Service. 

U.S.  Mint 

U.  S.  National  Academy 

U.  S.  National  Board  of  Health. 

U.  S.  National  Museum 

U.  S.  Nautical  Almanac  Office. 
U.  S.  Naval  Intelligence  Office. 

U.  S.  Naval  Observatory 

U.  S.  Navy  Department 

U.S.  Patent  Office 

U.  S.  President 

U.  S.  Public  Printer 

U.  S.  Signal  Service 

U.  S.  State  Department 

U.  S.  Surgeon-General's  Office 

(Army) 

U.  S.  Surgeon-General's  Office 

(Navy) 

IT.  S.  Treasury  Department. . . 

U.  8.  Vice-President 

U.  S.  War  Department 

U.  S.  War  Records  Office 

U.  S.  Weather  Bureau 

Total 


Received 
for. 


465 

79 
5 


Sent 
by. 


5,455 


22 

6 
2 
3 
2 

66 

1 

215 

19 
1 

98 
7 

53 
3 


1 

663 

156 
2 


294 


2,929 
193 


33 
15 

122 


4.069 
23,023 


548 


2 

7 

1 

11 

251 

26 

74 

52 

795 

15,787 


60,894 


EFFICIENCY  OF  THE  SERVICE. 

I  Tentare  to  again  call  attention  to  the  unsatisfactory  condition  of  the  exchange 
relatioDB  with  Greece,  which  are  in  the  same  state  as  a  year  ago,  when,  on  account  of 
the  expenses  attending  the  distribution  of  packages,  the  transmission  of  miscellaneous 
exchanges  waa  discontinued  by  request  of  the  librarian  of  the  United  National  and 
Uniyersity  libraries,  formerly  acting  as  the  medium  for  distributing  publications. 
The  exchange  with  Mexico  is  still  also  in  an  extremely  unsatisfactory  condition, 
and  the  transmission  of  the  parliamentary  documents  to  the  Mexican  Government 
has  been  sospended  awaiting  some  action  by  the  Mexican  authorities,  to  whose 
attention  the  matter  was  brought  through  the  Mexican  minister. 

I  am  glad  to  report  that  the  comparatively  large  repayments  made  to  the  Smith- 
sonian Institation  by  GoTemment  bureaus  for  the  transmission  of  their  exchanges 
have  enabled  the  Bnrean  to  employ  some  additional  assistance,  by  which  means  it 
has  become  possible  to  bring  up  to  a  great  extent  the  records  that  during  the  past 
jear  had  fallen  into  arrears.  It  was  also  found  practicable  to  make  a  slight  increase 
in  the  regalKt  working  force  of  the  Bureau,  and  I  take  pleasure  in  bearing  Yf\tue&« 
to  the  efficiency  of  the  employeee  in  the  exchange  oMce,  and  in  expressing  appiecift* 
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tion  of  their  efforts  to  dispose  of  all  the  accumulations  of  the  preceding  year  and  to 
keep  up  with  the  added  volume  of  work,  and  I  heg  leave  to  call  to  your  notice  tbe 
careful  attention  to  the  interests  of  the  Institution  on  the  part  of  its  special  agents 
abroad,  Dr.  Felix  Fliigel,  in  Leipsic,  and  Messrs.  William  Wesley  &  Son,  in  LondoD. 
Grateful  acknowledgments  are  also  due  to  the  following  transportation  companies 
and  others  for  their  liberality  m  granting  the  privilege  of  free  freight  or  in  other- 
wise assisting  in  the  transmission  of  exchange  parcels  and  boxes,  while  to  other 
firms  thanks  are  due  for  reduced  rates  of  transportation  in  consideration  of  the  dis- 
interested services  of  the  Institution  in  the  diffusion  Of  knowledge: 

LIST  OF    SHIPPING    AGRNTS    AND    CONSULS    TO   WHOM    THE    EXCHANGE    SERVICB  18 

INDEBTED  FOR  SPECIAL  COURTESIES. 

« 

Royal  Portuguese  consul-general,  New  York. 

American  Board  of  Commissioners  for  Foreign  Missions,  Boston. 

Anchor  Steamship  Line  (Henderson  &  Bro.,  agents).  New  York. 

Atlas  Steamship  Company  (Pim,  Forwood  &  Co.),  New  York. 

Bailey,  H.  B.,  &  Co.,  New  York. 

Bors,  C,  consul-general  for  Sweden  and  Norway,  New  York. 

Boulton,  Bliss  &  Dallett,  New  York. 

Calderon,  Climaco,  consul-general  for  Colombia,  New  York. 

Cameron,  R.  W.,  &  Co.,  New  York. 

Baltazzi,  X.,  consul-general  for  Turkey,  New  York. 

Columbian  Line  (Stamford  Parry,  Herron  &  Co.,  agents),  New  York. 

Compagnie  G6n6rale  Transatlantique  (A.  Forget,  agent),  New  York. 

Cunard  Royal  Mail  Steamship  Company  (Vernon  H.  Brown  &.  Co.,  agents),  New  York. 

Espriella,  Justo  R.  de  la,  consul-general  for  Chile,  New  York. 

Hamburg- American  Packet  Company  (R.  J.  Cortis,  manager),  New  York. 

Ilensel,  Bruckmann  &,  Lorbacher,  New  York. 

Consul-general  tor  Uruguay,  Baltimore,  Md. 

Mufioz  y  Espriella,  New  York: 

Navigazione  Generale  Italiana  (Phelps  Bros.  &.  Co.),  New  York. 

Netherlands- American  Steam  Navigation  Company  (W.  H.  Vanden  Toom,  agent), 

Now  York. 
North  German  Lloyd  (agents:  Oelrichs  &.  Co.,  New  York;  A.  Schumacher  &  Co., 

Baltimore). 
Obarrio,  Melchor,  consul-general  for  Bolivia,  New  York. 
Pacific  Mail  Steamship  Company  (H.  J.  Bullay,  superintendent),  New  York. 
Pioneer  Line  (R.  W.  Cameron  &  Co.),  New  York. 
Perry,  Ed.,  &  Co.,  New  York. 

Pomares,  Mariano,  consul-general  for  Salvador,  New  York. 
Red  Star  Line  (Peter  Wright  &  Sons,  agents),  New  York  and  Philadelphia. 
Rohl,  C,  consul-general  for  Argentina,  New  York. 
Royal  Danish  consul.  New  York. 
Ruiz,  Domingo  L.,  consul-general  for  Ecuador. 

Stewart,  Alexander,  consul-general  for  Paraguay,  Wachington,  D.  C. 
Toriello,  Enrique,  consul-general  for  Guatemala,  New  York. 
White  Cross  Line  of  Antwerp  (Punch,  Edye  &  Co.),  New  York. 

LIST  OF    THE    CORRESPONDENTS  OF    THE    SMITHSONIAN    THROUGH   WHOM    INTERNA- 
TIONAL EXCHANGES   ARE  TRANSMITTED. 

Algeria:  Bureau  Fran^ais  des  ^changes  Internationaux,  Paris,  France. 
Argentina:  Museo  Nacional,  Buenos  Ayres. 

Austria-Hungary:    Dr.    Felix    FlUgel,  Schenkendorf-Strasse  9,   Leipzig,  Germany. 
Brazil :  Bibliotheca  Nacional,  Rio  Janeiro. 

Belgium :  Commission  des  ^changes  Internationaux,  Rue  du  MuB<5e,  No.  5,  Brussels. 
Bolivia:  University,  Chuquisaca. 

British  America:  McGill  College,  Montreal,  and  Geological  Survey  Office,  Ottawa. 
JBritish  Coloniea:  Crowu  Agents  for  the  Colonies,  London,  England. 
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»h  Gniana :  Government  Laboratory,  Georgetown. 

Colony  :  Colonial  Secretary,  Cape  Town. 

:  Museo  Nacional,  Santiago. 

i:  Zi-ka-^wei  Obseryatory,  Shanghai. 

abia  (United  States  of):  National  Library,  Bogota. 

i  Rica:  Oficina  de  Deposito,  Reparto  y  Canje  International,  San  Josd. 

:  Dr.  Federico  Poey,  Calle  del  Rayo,  19,  Habana,  Cuba. 

lark :  Kongelige  Danske  Videnskabemes  Selskab,  Copenhagen. 

h  Goiana:  Snrinaamsche  Koloniale  Bibliotheek,  Paramaribo. 

India :  Director-General  of  Stores,  India  Office,  London. 

.dor :  Observatorio  del  Colegio  Nacional,  Qnito. 

)t:  Soci^t^  Kb^diviale  do  G^ographie,  Cairo. 

ice:  Bnrean  Fran^'ais  des  ^changes  Intemationanx,  Paris. 

nany :  Dr.  Felix  Fliigel,  Schenkendorf-Strasse  9,  Leipzig. 

kt  Britain  and  Ireland :  William  Wesley  &  Son,  28  Essex  street,  Strand,  London. 

delonpe.     (iSee  France.) 

temala :  Institnto  Nacional  de  Guatemala,  Gnatem^ala. 

ti :  Secretaire  d'l^tat  des  Relations  Ext^rienres,  Port-an-Prince. 

idnrae :  Biblioteca  Nacional,  Tegacigalpa. 

and  :  Icelands  Stiptisbokas^fn,  Reykjavik. 

y :  Biblioteca  Nazionale  Vittorio  Emannele,  Rome. 

lan :  Minister  of  Foreign  Affairs,  Tokyo. 

a.     (5ee  Netherlands.) 

>eria:  Liberia  College,  Monrovia. 

deira:  Director- General,  Army  Medical  Department,  London,  England. 

Ita.     {See  British  Colonies.) 

.nritins :  Royal  Society  of  Arts  and  Sciences,  Port  Louis. 

»xico :  Packages  sent  by  mail. 

kzambiqne :  Sociedad  de  Geografia,  Mozambique. 

tberlands :  Bureau  Scientifique  Central  N6orIandais,  Den  Helder. 

tw  Caledonia:  Gordon  Sl  Gotch,  London,  England. 

iwfonndland :  Postmaster-General,  St.  Johns. 

)w  South  Wales :  Government  Board  for  International  Exchanges,  Sydney. 

9W  Zealand:  Colonial  Museum,  Wellington. 

icaragna:  Ministerio  de  Relaciones  Exteriores,  Managua. 

orway :  Kongelige  Norske  Frederiks  Universitet,  Christiania. 

ftragnay :  Government,  Asuncion. 

srn :  Biblioteca  Nacional,  Lima. 

hilippine  Islands :  Royal  Economical  Society,  Manila. 

olynesia:  Department  of  Foreign  Affairs,  Honolulu. 

ortngal :  Bibliotheca  Nacional,  Lisbon. 

{ueensland :  Government  Meteorological  Observatory,  Brisbane. 

U>amania.     (See  Germany.) 

Russia:  Commission  Rnsse  des  Cchanges  Intemationaux,  Biblioth^que  Imp6riale 

Publique,  St.  Petersburg, 
t.  Helena:  Director-General,  Army  Medical  Department,  London,  EngJana. 
an  Salvador:  Museo  Nacional,  San  Salvador, 
ervia.     {See  Germany.) 

outh  Australia:  Astronomical  Observatory,  Adelaide, 
pain :  R.  Aeademia  de  Ciencias,  Madrid. 

veden :  Kongliga  Svenska  Vetenskaps  Akademien,  Stockholm, 
iwttzerland :  Central  Library,  Berne, 
^asmania :  Royal  Society  of  Tasmania,  Hobarton. 

'orkey  :  American  Board  of  Commissioners  for  Foreign  Missions,  Boston,  Mass. 
Tmguay :  Oficina  de  Deposito,  Reparto  y  Canje  Interuacional,  Montevideo. 
Venezuela :  Museo  Nacional,  A.  Ernst,  Director,  Caracas. 
Victoria:  Public  Library,  Museum' and  National  Gallery,  MeJbonme. 
Bm95 ^ 
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TranamUsiona  of  exchanges  to  foreign  countries. 


Coantry. 


Argentina 

Anstria-Hongary 


Belgium 


BoUvU 

BrmzU 

Britiah  colonies 


Cape  Colony 

China 

Chile 

Colombia 

Costa  Kica 

Cuba 

Denmark 

East  India 

Ecuador 

Egypt 

Franco  and  colonies. 


Germany 


Greece 

Great  Britain. 


Guatemala. 

Haiti 

Honduras.. 
Italy 


Japan 


South  Australia . 

Spain 

Sweden 


Switzerland. 
Tasmania. . . 

Turkey 

Uruguay  ... 
Venezuela . . 
Victoria.... 


Date  of  transmission,  etc. 


Liberia 

Mexico ■ 

New  South  Wales 

Netherlands  and  colonies . . . 

New  Zealand 

Nicaragua 

Norway 

Paraguay 

Peru 

Polynesia 

Portugal 

Queensland 

Roumania 

Russia 


October  30,  1894;  June  18,  1805. 

July  13,  23,  September  8,  17,  29,  October  1,  November  17,  28,  December 

4, 1894;  February  9,  March  13,  19,  April  22,  May  3,  17,  June  4, 1895. 

September  29,  October  1,  December  5, 1894;  January  3,  March  19,  April 

4,  May  3, 1895. 

October  30, 1894. 

October  30, 1894 ;  June  18,  1895. 

September  29,  December  12, 31, 1894;  January  24,  February  25,  Aprils, 
June  6,  1895. 

September  29,  November  6,  1894;  May  20,  1895. 

September  29,  November  3,  Decembers,  1894;  March  7,  May  9, 1895. 

October  30, 1894 ;  June  18,  1895. 

October  30,  1894;  June  18,  1895. 

September  29, 1894 ;  January  19, 1895. 

January  19, 1895. 

September  29,  October  1,  November  17, 1894 ;  January  7,  March  28, 1895. 

November  21,  1894;  May  9,  24,  1895. 

October  30,  1894;  June  18,  1895. 
September  29,  November  6, 1894;  May  20, 1895. 

July  18,  September  8,  11,  29,  October  17,  November  15,  December  5, 

1894;  January  12,  28,  February  9,  March  5,  19,  April  29,  May  20,  1895. 

July  13,  23,  September  8,  17,  29,  October  1,  18,  1894;  January  2,  17. 

February  9,  March  13,  19,  April  22,  May  3,  June  4,  1896. 
October  26,  1894. 

July  12,  September  8.  29,  October  1, 13,  19,  November  6,  December  3, 12, 
31, 1894 ;  January  24,  February  8,  25,  March  18, 22,  April  1, 19,  May  15, 
20,  24,  June  10,  12, 1895. 

February  8,  1895. 

January  19, 1895. 

September  29, 1894;  January  19,  1896. 

August  2,  September  8, 29,  November  17,  December  5, 18, 1894;  January 
28,  February  9,  March  22,  April  6,  May  3,  17, 1895. 

August  28,  September  29,  November  3,  December  5,  1894 ;  March  7, 
May  9,  1895. 

Novembers,  1894;  May  20,  1895. 

(By  registered  mail.) 

July  31,  September  29, 1894;  February  8,  1895. 

September  29,  October  1,  December  24,  1894;  March  25, 1895. 

July  31,  September  29,  1894;  February  8,  1895. 

January  19,  February  8, 1895. 

August  4,  September  29,  October  1, 1894 ;  January  8,  April  1, 1895. 

October  30, 1894;  June  18, 1895. 

October  30, 1894;  June  18, 1895. 

July  31, 1894 ;  February  8, 1895. 

September  20,  October  1, 1894;  January  8,  March  29, 1895. 

July  31,  September  29,  December  5, 1894 ;  February  8, 1895. 

(Included  iu  Germany.) 

September  29,  October  1,  November  10, 1894;  January  15,  March  22,  Hay 
2, 1895. 

July  31,  September  29, 1894 ;  February  8, 1895. 

September  29,  October  1, 1894 ;  January  8,  March  29, 1895. 

August  4,  September  29,  October  1,  November  15,  December  5, 1894 ;  Jan- 
uary 15,  February  9,  March  22.  May  3, 1895. 

September  29,  October  1.  November  17, 1894 ;  January  5,  March  28, 1895. 

July  19, 1894;  Februarj'  8, 1895. 

January  8,  May  21, 1895. 

October  30, 1894 ;  June  18, 1895. 

July  20,  October  30, 1894 ;  June  18, 1895. 

July  31,  September  29, 1894 ;  February  8, 1895. 
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iribation  of  exchanges  to  foreign  coantries  was  made  in  1,112  cases,  repre- 
10  transmissions,  as  follows: 


angary 


>lonies 
►ny 


;....  17 

72 

25 

1 

21 

8 

5 

4 

8 

3 

4 

3 

19 

22 

2 

4 

id  Colonies 125 

193 

1 

237 

1 

1 

2 

58 


a 


fcain. 

a  ... 


Japan 36 

Liberia 2 

Mexico  (by  mall). 

New  South  Wales 13 

Netherlands  and  Colonies 27 

New  Zealand 8 

Nicaragua 5 

Norway 19 

Paraguay 2 

Peru 3 

Polynesia 3 

Portugal 12 

Queensland 8 

Ronmania  (included  in  Germany). 

Russia 38 

South  Australia  .  .„ 10 

Spain 16 

Sweden 30 

Switzerland 22 

Tasmania 2 

Turkey 4 

Uruguay 3 

Venezuela 2 

Victoria 11 


nts  of  United  States  Congressional  publications  were  made  on  August  20, 
>mber  23,  1894,  February  18  and  June  1,  1895,  to  the  Governments  of  the 
-named  countries: 

k.  Colombia.  Netherlands.  South  Australia. 

Denmark.  New  South  Wales.  Spain. 

France.  New  Zealand.  Sweden. 

Germany.  Norway.  Switzerland. 

England.  Peru.  Tasmania, 

yres.  Haiti.  Portugal.  Turkey. 

Hungary.  Prussia.  Uruguay. 

Ottawa}.  India.  Queensland.  Venezuela. 

Toronto).  Italy.  Russia.  Victoria. 

Japan.  Saxony.  WUrtemberg. 
nts  to  Greece  and  Mexico  are  withheld  for  the  present. 

RECAPITULATION, 

remment  shipments 252 

icellaneous  shipments 1, 112 

;al  shipments 1, 364 

>ment9  last  year 905 

rease  over  last  year 459 

^fnlly  submitted. 

W.  C.  WiNLOCK, 

Curator  of  Exchanges. 
».  Langley, 

•et€wif  of  the  3miik9onian  Institution. 


Appendix  IV. 

REPORT   OF   THE   SUPERINTENDENT  OP   THE  NATIONAL   ZOOLOGICAL 

PARK. 

Sir  :  I  have  the  honor  to  submit  the  foUowiDg  report  of  the  operations  of  the 
National  Zoological  Park  for  the  fiscal  year  ending  June  30,  1895. 

The  care  of  the  collection  of  animals  has  engrossed  most  of  the  attention  of  the' 
employees.  Such  small  additions  to  the  buildings  and  inclosures  as  the  funds  at  the 
disposal  of  the  park  would  allow  have  been  made.  Among  these  there  may  be 
mentioned  a  new  inclosure  for  beaver,  which  has  been  established  in  order  to  give 
opportunity  for  the  public  to  watch  their  building  operations  and  to  Toand  a  sepa- 
rate colony,  and  because  the  beaver  inclosure  built  last  year  was  found  insufficient 
for  the  proper  confinement  of  the  animals. 

It  is  evident  that  in  order  to  maintain  animals  of  this  kind  in  security  and  safety, 
more  room  and  separate  paddocks  are  necessary.  At  times  they  fight  savagely  witii 
each  other,  and  when  the  inclosure  is  restricted  even  to  half  an  acre  of  ground  the 
weaker  one  can  not  save  himself  by  flight  and  is  frequently  killed.  This  has  hap- 
pened here. 

Combats  also  take  place  among  the  bufi'alo  and  the  elk,  and  if  a  herd  of  these 
animals  of  any  size  is  maintained  it  will  be  absolutely  necessary  to  enlarge  and 
multiply  the  paddocks.    Great  need  is  felt  for  more  buffalo  cows. 

Disorders  due  to  confinement  have  not  been  absent.  One  interesting  from  a  sci- 
entific point  of  view  was  a  spontaneous  outbreak  of  rabies  in  one  of  the  inclosures 
for  foxes,  as  these  animals  were  apparently  in  perfect  health  and  the  disease  could 
not  have  been  induced  from  without  as  far  as  is  known.  A  single  case  at  fint 
appeared  and  this  inoculated  the  entire  cage,  seven  animals  in  all  being  lost.  This 
curious  phenomenon  is  of  great  interest  as  bearing  upon  the  sporadic  appearance  of 
hydrophobia  in  the  dog. 

Careless  feeding  by  visitors  causes  a  great  deal  of  trouble.  Some  animals  habit- 
ually overeat  if  allowed  to  do  so,  and  the  food  which  the  public  tender  is  often 
unhealthful.  A  fine  cassowary  died  during  the  year  from  gastric  irritation  due  to 
this  cause.  A  valuable  Diana  monkey  was  poisoned  by  laurel  (Kalmia  latifolia) 
which  she  snatched  from  the  hand  of  a  visitor,  though  the  utmost  watchfulness  is 
exercised  to  keep  this  noxious  plant  from  the  animals. 

Some  very  interesting  additions  to  the  collection  have  been  made  during  the  year. 
From  the  Yellowstone  Park  20  animals  were  received,  among  them  a  grizzly  bear 
weighing  730  pounds  and  of  great  ferocity,  and  10  beaver.  A  beautiful  sea  lion  was 
obtained  by  exchange,  as  well  as  a  fine  boa  constrictor.  A  fine  young  puma  was 
born,  also  a  spotted  lynx,  several  elk  and  Virginia  deer,  a  zebu,  and  a  llama. 

The  iusufiicient  character  of  the  buildings  used  for  animals  has  been  made  appar- 
ent on  several  occasions  during  the  year.  The  ''animal  house''  was  constructed 
with  a  view  to  the  accommodation  of  the  large  carnivora  and  is  not  adapted  for  the 
proper  maintenance  of  monkeys,  tropical  birds,  or  pachyderms.  Having  no  other 
quarters,  it  has,  however,  been  necessary  to  place  under  the  same  roof  with  lions  and 
tigers,  that  endure  moderate  cold  well,  other  creatures  that  need  a  constant  tempera- 
ture of  75^  to  80^  F.  and  still  others  (such  as  the  rhinoceros  and  hippopotamus)  that 
need  still  difierent  conditions.  The  consequence  of  this  is  that  more  deaths  occur  than 
would  be  the  case  were  the  buildings  properly  arranged,  and  it  has  not  been  possi- 
68 


iloDg  tlie  edges  of  tlie  etrenni.  It  Ims  also  the  cffi^ct  of  raisioir  tbe  level  of 
«r  in  the  large  pond  for  aquatic  auimalB  BJtiiated  to  tfae  southward  of  the 

ttic  footbridge  has  been  thrown  over  llie  ravine  that  enters  the  park  at 
>  avenue  leading  to  the  stairway  by  wbich  the  iinblic  pass  to  and  from  tbe 
-ear  line.  Tbe  iving  walla  of  the  main  bridge  bave  been  ciiiupleteil  b;  the 
n  of  rustic  coping,  which  very  loiicb  adds  tu  tlie  ajipearance  of  tbe  strurture. 
aks  of  the  creek  above  the  bridge  are  now  strungtbeDcd  aud  protected  b; 
them  with  looae  riprap  and  plautiug  them  with  willows  aud  other  quick- 
g  shrubs. 

-Dads  have  also  received  considerable  attention.  The  main  drive  to  tbe  north 
inimal  boose  has  been  widened  to  50  feet,  auil  greatly  improved  bjr  layinga 
pavetueut.  The  main  roud  has  also  been  properly  grail ed  and  improved 
n  tbe  elephant  housH  and  the  buffalo  house,  and  about  1,000  feet  of  it  treated 
acadani,  making  a  suitable  drive.  Macadam  has  been  laid  OD  the  road  behind 
[ibant  house  and  oo  tbe  main  drive  from  the  eastern  entrance  to  tbe  bridge, 
I  large  ellipse  in  front  of  the  bear  dens  has  been   completed  hy  the  addition 

road  leading  into  the  park  ftotn  Woodley  road  has  been  commenced,  the  work 
a  preliminary  appropriation  of  $2,i>00  being  done  by  the  District  authorities 
)  nmainder  by  the  park  under  an  appropriation  for  $5,000.  The  funds  on 
are  been  sufficient  only  to  make  a  6  per  cent  grade  from  Woodley  road  down 
iMuks  of  the  creek.     In  order  to  make   this  road  practicable  it  should  be 

nilh  macadam  and  a  sidewalk  be  provided, 
n-ater  supply  has  been  extended  so  ns  to  supply  tho  office  of  the  park  and  tbe 

JD  which  vegetables  are  raised  for  the  animals,  and  additional  drinking 
ns  bave  been  put  in.  An  additional  sewer  has  been  constructed,  by  whicb 
et  rooms,  tbe  clepbant  bouse,  and  the  hippopotamus  tank  can  discharge. 
iporary  fence  has  been  built  aroand  the  pond  for  aquatic  birds,  and  the 
of  the  bnffalo  and  elk  paddocks  bave  been  strengtbened.  These  fences, 
:b   apparently  of  great  strenKth,  are  found   in   practice  to  need   constant 
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AnimaU  in  the  collection  June  SO,  1895. 


Name. 


MAMMALS. 

American  biaon  {Bigon  americanut) 

Zebn  ( Bo»  indiexu) 

Tora  antdope  {Acelaphua  tora) 

Dorcas  gazelle  ((7azeUa  dorcfU) 

Common  goat  (Copra  hireuM) 

American  elk  (Cerviu  ctmadensU) 

Virginia  deer  (Cariacus  virginianua) 

Mnledeer  {Caria,eus  maerotU) 

Wart  hog  ( Phttcoeharui  cethiopieua) 

Peccary  ( Dieotyle*  tajofu ) 

Hippopotamas  {Hippopotamus  amphibius)  . . 
Sumatran  rhinoceros  {Rhinoceros  tumatren- 

•is) 

Llama  {Auchenia  glama) 

Gaanaoo  {AueJunia  htuinaeoB) 

Indian  elephant  (Elephat  indicus) 

JAon{Felisleo) 

Tiger  {Felis  iigrit) 

Leopard  ( Felis  pardus) 

Puma  {Felis  eoneolor) 

Ocelot  {Felis  pardaUs) 

Bay  lynx  {Lynx  r^fu8) 

Spotted  lynx  {Lynx  rufus  ma^mlaUiS) 

Spotted  hyena  {Hycena  eroeuta) 

BuBSian  wolf  hoand 

St.  Bernard  dog 

Pointer  dog 

Collie  dog 

Eskimo  dog 

Gray  wolf  ( Oanis  lupns  griseo-aUms) 

Black  wolf  ( Canis  lupus  griseo-albus) 

Coyote  {Oanis  latrans) 

Red  fox  {Vulpes  fulvus) 

Swift  fox  {VtUpes  velox) 

Tayra  ( Oalietis  barhara) 

Wolverine  {Oulo  Iumms) 

American  badger  ( Taxidea  ameriecma) 

Kiuk^jou  ( Oereoleptes  eaudivolvulus) 

Gray  coati-mundi  {Nasua  nariea) 

Cacomistle  {Bassaris  astuta) 

Raccoon  {Proeyonlotor) 

Black  bear  ( TJrsus  amerieanus) 

Cinnamon  bear  ( Ursus  amerieanus) 

Grizzly  bear  ( Ursus  horribilis) 

Polar  bear  {Thalassarctos  marUimus) 

California  sea-lion  {Zalophus  ealifomianus) . . 

Sooty  mangabey  {Cereocebus  /uUginosus) 

Macaqae  monkey  {Maeaeuseyrwmolgus) 

Rhesus  monkey  {Macacus  rhesus) 

Apella  monkey  {Cebus apeUa) 

White- throated  capuchin  {Cebus  hypoleueus) . 

Owl  monkey  {Nyetipitheeus  trivirgatus) 

Albino  rat  (JfiM  rotttM) 

American  beaver (Cutor/{^r).... 


No. 


*  ii 


3 

1 

1 

9 
15 
10 

2 

1 

6 

1 

1 
6 
1 
2 
4 
1 
1 
3 
1 
1 
4 
3 
2 
2 
1 
2 
8 
3 
2 
4 
6 
4 
1 
1 
3  i 

»i 

2  ! 
18  I 

:! 

3  I 

2i 
I  I 

1  I 

3  ' 

I 

4 

1  ; 
1 

2, 
18  ' 

9l 


Name. 


Ho. 


MAMMALS— continued. 


Woodchuck  (Aretomys  monax) 5 

Prairie  dog  ( Cynomys  ludovieianus) !   25 

Red-bellied  squirrel  {Seiurtis  aureogaster) — |    1 

Gray  squirrel  {Sciurus  earolinensis) 30 

Fremont's  chickaree  (Seiurus  hudsonius /rt- 
monti) 1 


Crested  porcupine  (Hystrix  eristata) 

Canada  porcupine  {Erethizon  dorsatus) 

Western  porcupine  {Erethizon  dorsatus  epi- 

xanttius) 

Capy  bara  ( Hydrochctrus  eapybara) 1 

Crested  agouti  (Z>a«j/2)roc<a  crwtota) 3 

Hairy  nunpe<l  agouti  {Dasyproeta  prymno 

lopha) 

Mexican  agouti  ( Dasyproeta  mexieana) 2 

Guinea  pig  (CaviaporeeUus) |    10 

English  rabbit  (Jy«ptt«eun{cuZiM) |    1 

Peba  armadillo  ( Tatusia  novemeineta) -5 

Red  kangaroo  (ifaeropiM  n0M) |    3 

Gray  kangaroo  {Maeropus  sp.) 5 

Common  opossnm  {Didelphys  virginiana)  —     ^ 

BIBD8.  I 

Golden  eagle  {Aquila  ehryscutos) ,    3 

Bald  eagle  ( HaliceHus  leucoeephalus) |    & 

Red-tailed  hawk  {Buteo  borealis) 2 


Red-shouldered  hawk  {Buteo  lineattu) i 

Snowy  oyr\{Nyetea  nyetea) 1 

Great  homed  owl  ( Bubo  virginianus) H 

Yellow-and-blue  macaw  ( A  ra  araraunea) — I     1 

Red-and. blue  macaw  {Ara  chloroptera) {     1 

Red-and-yellow-and -blue macaw  (Ara  maeao)     2 

Gray  parrot  {Piiitaeus  erithaeus) 1 

Yellow-naped  amazon  {Amazona  auropaUi-  ' 

ata) '     1 

Sulphur-crested  cockatoo  { CaceUua  gaierita)  .      1 
Leadbeater's  cockatoo  {Caeatua  leadbeateri) .      1 

Bare-eyed  cockatoo  ( Caeatua  gymfiopis) 1 

Common  crow  ( Corvus  amerieanus) 2 

Raven  {Corvus  eorax) 1 

Clarke's  nutcracker  {Pieieorvus  eolumbianus)  i     S 
Black-headed  jay  {Cyanoeitta  stelleri  annee-  j 

tens) '     1 

Chachalaca  ( Ortalis  vetula  ma^aUii) 10 

Razor-billed  curassow  {Mitua  tuberosa) 1 

Lesser  razor-billed  cnrassow  {Mitua  lomen- 

tosa) 1 

Peafowl  {Pavo  eristatus) 1 

Domestic  turkey  {Meleagris  galiopavo) 1 

Domestic  fowl — black-breasted  red  game 2 

Domestic  fowl— spangled  Hamburg 4 

Cariama  {Cariama  eristata) 1 

Sand-bill  crane  {Orus  canadensis) 1 

Great  blue  heron  (Ardea  ik«ro<lM») ^ 
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Animals  in  the  collection  June  SO,  189S — Continued. 


'Smme. 


BIKD6 — oontinoed. 

TantaluM  locuUUor) 

(AnoM  obscura) 

(^fUMSp.) 

tck  {Anasbotehat) 

•e  {Branta  eanadentia) 

me  (Anser  cytpwida) 

( CyffnvM  gihbus) 

t  {Cherutpia  atrata) #... 

vhite  pelican  {Pelecanu*  onocro- 


hfaring   guU  {Larus  argentattu 
\anus) 


BKPTILKS. 


A  Uigator  mitsisaippienHf)  . . 
artle  ( Chelydra  Berpentina) . 


No. 


16 

2 


1 
4 

5 
1 
6 
5 
4 
1 


BSPTiLBa— continaed. 

GiU  monster  (Hetodemta  Musp^etum) 

Iguana  (Iguana  tubereulata) 

Homed  lizard  (Phrynotoma  eomutum) 

Douglaaa's  homed  lizard  (Phtynosoma  doug- 

la»Mi) 

Diamond  rattlesnake  ( Ootoliw  adamanteuM) . 
Banded  rattleenake  ( Orotalaa  horridus)  ..... 

Ground  rattlesnake  {Caudiaona  miUarit) 

Copperhead  {Aneittrodon  contortrix) 

Boa  {Boaeontirieior) 

Anaconda  (Euneelea  murinua) 

Boll  snake  (Pityophis  §ayi) 

Black  snake  {Baseanium  conttrietor) 

Garter  snake  {EtUctnia  tirtali$) 

Water  snake  (Natrix  ripedon) 

King  snake  ( OpAiMitf  doIioliM) 


No. 


4 

1 

54 

4 
2 
1 
1 
5 
3 
1 
2 
6 
4 
12 
1 


Indigenous. 


197 

68 

115 


370 


Foreign. 


Domesti- 
cated. 


49 

13 

8 


56 
29 


65 


85 


Total. 


802 
100 
118 


520 


il  of  520  may  be  divided  into  two  classes  with  regard  to  sise : 


Mammals. 

Birds. 

Reptiles. 

TotaL 

mala ^--, -,-.-»»-,- ..,»^, 

140 
162 

61 
49 

14 
104 

205 

male  ....... .<^«-..« r-.T.,..i,r. ...•......,, 

315 

[ 

302 

100 

118 

620 

List  of  accessions, 
ANIMALS  PRESENTED. 


Name. 


Donor. 


tz 


gabey ;  CO.  Chenanlt, New  Orleans,  La 

F.  H.  Mattern,  Washington,  D.  C 

B.  Dorsey  Mohan,  Washington,  D.  C. 

HR.Ca«>.  Frederick,  Md 

F.  Hardman,  San  A  utonio,  Tex 

S.  H.  Stephens  Sc  Co..  Pneblo,  Colo. . 

F.  C.  Graves.  Washington,  D.  C 

T.  Wasserbach.  Washington,  D.  C. . . 

G.  Brown  Goode,  Washington,  D.  C. 
I Mrs. RE. Peary, Washington, D.C. 

Harry  Manger,  Washington,  D.  C. . . 


5.... 
idog 


Num- 
ber of 
speci- 
mens. 


1 
1 
1 
1 
2 
3 
1 
1 
2 
3 
1 
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List  of  acoe$8ion9 — Continued. 
ANIMALS  FRESENTED-ConUnued. 


Bed  fox 

Do 

Griiy  fox 

Tayra 

Cacomistle 

Gray  coati-muDdi 

Raccoon 

Do 

Do 

Do 

Black  bear 

Common  goat 

Dorcas  gazelle 

Virginia  deor 

Peccary 

Woodchnck 

Do 

Do 

Woodcbuck  (albino)... 
Red  bellied  sqalrrel — 

Gray  squirrel 

Flying  squirrel 

Canada  porcupine 

Hex  lean  agouti 

Black  rabbit 

Nine  banded  armadillo . 

Do 

Opossum 

Do 

Golden  eagle 

Do 

Bald  eagle 

Red- tailed  hawk 

Do 

Red  shouldered  bawk.. 

Do 

American  osprey 

Great  horned  owl 

Do 

Do 

Chachalaca 

Turkey 

Great  blue  heron 

Do 

Wood  ibis , . . , 

Alligator 

Do 

Do 

Do 

Do 

Do 

Snapping  turtle 

Do 


J.  H.  Morlan,  Redcross,  Ind 

Dr.  Robinson,  Washington.  D.  C 

J.  H.  Morlan,  Redcross,  Ind 

Hon.  Wm.  McAdoo,  Washington,  D.  C. 

F.  Hardman,  San  Antonio,  Tex 

C.  O.  Chenault,  New  Orleans,  La. . . : . . . 

J.  H.  Morlan,  Redcross,  Ind 

J.  J.  Prathor,  Washington,  D.  C 

Mrs.  Worshain,  Washington.  D.  C 

W.  E.  Tribbett,  Riverside,  Va 

Mrs.  M.  B.  Duryea,  Aiken,  S.  C 

Mrs.  L.  G.  Freewalt,  Washington,  D.  C. 
C.  0.  Chenault,  New  Orleans,  La 


do 


Col.  Anson  Mills,  U.  S.  A.,  Washington.  D.  C 

J.  H.  Morlan,  Redcross,  Ind 

F.  Hertzog,  Washington,  D.  C 

H.  K.  Mannafee,  Kensington,  Md 

D.  M.  Clark,  Lacona,  N.  Y 

C  0.  Chenault,  New  Orleans.  La 

(No  data) 

Mr.  Wooldridge,  Washington.  D.  C 

Frank  Rich,  Bethel,  Me 

C.  O.  Chenault,  New  Orleans,  La 

Miss  M.  M.  North.  Anacostia,  D.  C 

Col.  Anson  Mills,  U.  S.  A.,  Washington.  D.  C 

F.  Hardman,  San  Antonio,  Tex 

Hudson  Bay  Fur  Company,  Washington,  D.  C. . 

F.  F.  Fitzhugb,  Washington.  D.  C , 

G.  B.  Gainer,  Gallatin.Tenn 

Chaplin  Perkins,  Washington.  D.  C 

Fritz  Renter.  Washington.  D.  C 

H.  D.  Renninger.  Clifton  Beach,  Md 

Mr.  Lees,  Washington,  D.  C 

W.  P.  Lawrence,  Norfollc,  Conn , 

Bernard  Balluff,  Washington.  DC 

H.  R.  Jehle. Montclair,  K.J 

Frank  Stump.  Washington,  DC 

Mibs  Edmonia  Edwards 

Dr.  R.  A.  Bates  Washington,  D.  C 

Col.  Anson  Mills  U  S.  A.,  Washington,  D.C.... 
Mrs.  Katharine  Ens  worth,  Washington,  D.  C — 

Perrie  and  Britt,  Washington,  D.  C 

A.  M.  Nicholson,  Orlando,  Fla 


.do 


Col.  Max  Meyerson,  Florida 

Ehner  C.  Wood,  Washington,  D.  C 

Miss  Cox,  Washington,  D.  C 

Emery  Cox,  Brightwood,  D.  C 

Hon.  J.  D.  Cameron,  Washington,  D.  C 

Mrs.  Atchinson.  Washington.  D.  C 

Fred.  Co  wet  t,  Washington,  D.  C 

W.  WiUfleld.  Georgiana,  Fla 
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List  ofaeceanonB — Continaed. 
ANIMALS  PRESENTED^Continned. 


Kave. 


a 

fonater . 
!d  lizard. 


4  rattlesDake. 
9 


make . . 

aake... 

snake. 

r  aoake 


snake. 


Donor. 


lose  anake. 


C.  O.  Cbenault.  New  Orleans.  La 

Miss  Lydia  L.  Hnnt,  San  Carlos,  Ana — 

...do 

F.  fiardman.  San  Antonio,  Tex 

A  E  McConnell.  Washington.  D.  C 

C.  O.  Mills.  Washington,  DC ... 

E.  Jones  and  G.  L.  Edmonds,  Balston,  Pa. 

Mr.  Shaw,  Washington.  D.  C 

L.  N.  O'Dell,  Washington,  D.  C 

W.  S.  Heath.  Washington.  DC 

W.  V.  Cox,  Brightwood,  D.  C 

Emery  Cox,  Brightwood,  D.  C 

F.  Watrous.  Washington,  D.  C 

W.  C.  Weeden,  Washington,  D.  C 

C.  A.  Cooper,  Washington,  D.  C 

W.  W.  Worthington,  Florence,  Ky 


Num- 
ber of 
speci- 
mens. 

1 

2 

3 

55 


ANIMALS  LENT. 


t 

]ue 

i-tbroated  cebaa. 
aieles 


!d  hyena 

intelope 

bog 

M*an  porcupine.. 

kangaroo 

kangaroo 

parrot 

rronted  amazon . . 
v-naped  aniazon. 


Schuyler  Crosby,  Boston,  Maas 

J.  M.  Mason,  Charlestown,  W.  Va. . 
Mrs.  W.  C.  Ames,  Washington,  D.  C. 
Mrs.  E.  Byles,  Washington,  D.  C. . . 

Adam  Forepaugh  shows 

do 


.do 
.do 
.do 
.do 
do 


Mrs.  MilUken,  Washington,  D.  C 

Mrs.  L  Hopfenmaier,  Washington,  D.  C. 
Mrs.  A.  B.  Williams,  Waahington,  D.  C. . 


1 
1 
1 
1 
2 
3 
1 
1 
1 
3 
2 
1 
1 
1 


ANIMALS  RECEIVED  IN  EXCHANGE. 


s 

DO 

nia  sca-lioD.. 

iadecr • 

quirrel 

I  rattlesnake, 
istrictor 


£.  S.  Schmid,  Washington,  D.  C 

do 

John  Lesner,  Norfolk,  Va 

Tliomaa  Blagden,  Washington ,  D.  C. 
W.  F.  McClure,  Washington,  D.  C, 

L.  N.  O'Dell,  Washington,  D.  C 

E.  S.  Schmid,  Washington,  D.  C 


3 
1 
1 
1 
2 
1 
1 
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AnimaU  bom  in  the  National  Zoological  Park, 

Pnmtk  (Felia  oonoolor) 2 

Spotted  lynx  {Lynxrufus  maoulaius) 1 

Raoooon  (Procyon  lotor) 5 

Zebn  (Bos  indicus) 1 

American  elk  (Cehms  canadensis) 2 

Virginia  deer  {Cariacua  virginianus) 7 

Llama  ( Auchenia  glama) 1 

Canada  porcupine  {Erethizon  dorsatus) 2 

• 

Animals  captured  in  the  National  Zoological  Park. 

Gray  squirrel  {Sciurus  carolinensis) 1 

Opossum  {Didelphys  virginiana) 3 

Black  snake  (J^McaniMin  constrictor) 1 

Animals  collected  in  the  Yellowstone  National  Park, 

Grizzly  bear  (Ursus  horribilis) 1 

American  hehYet  {Castor fiber) 10 

Clarke's  nutcracker  (Pidcorvus  columbianus) 7 

Black-headed  jay  ( Cyanocitta  stelleri  annectens) 1 

Hutchins  goose  {Branta  canadensis  hutchinsii) 1 

SUMMARY  OF  ACCESSIONS. 

Animals  presented 187 

Animals  lent 20 

Animals  received  in  exchange 10 

Animals  bom  in  the  Zoological  Park 21 

Animals  captured  in  the  Zoological  Park 5 

Animals  received  from  the  Yellowstone  National  Park 20 

Total 263 

Number  of  specimens  on  hand  June  30,  1894 510 

Accessions  during  the  year  ending  June  30,  1895 263 

Total 773 

Deduct — 

Deaths 204 

Animals  escaped  or  liberated 11 

Animals  exchanged 13 

Animals  returned  to  owners 25 

253 

Animals  on  hand  Juno  30,  1895 520 

Respectfully  submitted. 

Frank  Baker, 
Superintendent. 
Mr.  S.  P.  Lang  LEY, 

Secretary  of  the  Smithsonian  Institution, 


Appendix  V. 

KEPORT    ON   THE  WORK  OF  THE  ASTRO-PHYSICAL  OBSERVATORY  FOR 

THE  YEAR  ENDING  JUNE  30,  1895. 

Doling  the  past  fiscal  year  the  work  of  the  Astro-physical  Observatory  has  con. 
tiaaed  to  be  the  investigation  of  the  infra-red  solar  spectram  by  the  bolometrii^ 
method,  fully  described  iD  the  report  of  the  observatory  for  1893. 

This  work  consists,  briefly,  id  the  production  of  carves,  automatically  traced  on  a 
photographic  plate  by  means  of  the  bolometer  and  its  attendant  apparatus,  which 
record  by  their  deflections  the  existence,  position,  and  intensity  of  (invisible)  absorp- 
tion lines  in  the  infra-red  spectrum  from  a  prism  of  rock  salt  or  from  a  grating. 

Such  a  curve,  ideally  perfect,  would  show  every  line  in  the  spectrum  as  a  deflec- 
tion of  the  curve  in  its  proper  place  on  the  plate,  and  there  would  be  no  deflection 
present  not  due  to  such  a  solar  line.  A  curve  which  fulfills  the  first  condition  as 
regards  every  considerable  line,  is  in  substance  already  at  hand,  and  has  been 
shown  even  in  a  former  stage  of  the  work,  and  it  is  in  fact  easily  obtained  at 
any  time  by  the  present  method,  so  long  as  we  confine  our  attention  to  the  prin- 
cipal newly  discovered  lines;  lines  or  deflections,  that  is,  which  are  due  to  solar 
and  telluric  causes.  (These  may  bo  called  ''true''  lines  as  distinguished  from  the 
smaller  ''false"  lines  due  to  minute  local  disturbance.)  I  say  the  principal  lines, 
because  those  first  discovered  result  from  deflections  whose  amount  is  relatively  con- 
siderable as  compared  with  accidental  local  disturbances,  and  in  this  case  the  true 
lines  are  distinguishable  (if  only  by  their  size  and  prominence)  from  the  false  ones, 
the  latter  being  due  to  many  causes,  which  all,  however,  tend  to  produce  more  or  less 
minnte  deflections.  This  minuteness,  t|ien,  fortunately,  is  one  of  the  characteristics 
of  the  false  lines.  Now,  though  these  minor  accidental  deflections  are  negligible 
compared  with  the  more  prominent  real  ones,  yet  as  the  work  progresses  and  still 
finer  and  finer  details  are  sought,  we  must  evidently  at  last  reach  a  condition  where, 
having  discovered  all  the  larger  true  lines,  we  in  seeking  smaller  and  smaller  ones, 
finally  come  to  such  minute  deflections  that  these,  though  constant,  are  reduced  to 
the  same  order  of  magnitude  as  the  accidental  or  "  false"  ones,  however  minute  the 
latter  may  be. 

(In  this  connection  it  is  proper  to  state  that  the  plate  of  the  spectrum  showing  very 
minute  detail,  published  in  January  of  this  year,  had  already  been  given  in  illustra- 
tion of  the  process  and  printed  in  the  Proceedings  of  the  British  Association  for  the 
Advancement  of  Science,  for  August,  1894,  accompanied  by  the  statement  that  it  was 
presented  "only  in  illustration,"  and  was  "not  to  be  treated  as  a  criterion  of  the 
final  results,"  and  that  the  statement  that  all  these  lines  had  then  been  verified 
escaped  atten  tion . ) 

It  is  again  fortunate,  that  our  criterion  is  not  that  of  size  alone,  but  that  in  order 
to  distingnish  between  true  deflections,  however  minute  (due  to  solar  and  telluric 
eaases),  and  minute  "false"  deflections  of  the  same  order  of  size  due  to  accidental 
disturbances,  an  independent,  simple,  and  infallible  criterion  exists — infallible,  that 
ia,  in  theory,  bat  not  always  easy  in  practical  application. 
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This  criterion  has  been  elsewhere  mentioned,  and  indeed  is  sufficiently  obYioosto 
need  little  explanation ;  for  if  among  a  large  number  of  curves  representing  the  same 
spectral  region  a  deflection  asserts  itself  constantly  at  the  same  place,  that  deflec- 
tion is  evidently  due  to  a  constant  cause  and  not  to  an  accidental  one.     Now,  from 
the  nature  of  the  process,  it  is  hardly  possible  to  imagine  any  efficient  constaat 
cause  of  such  minute  abrupt  deflections  as  are  in  question,  which  is  not  a  solar  or 
telluric  cause,  and  it  is  these  only  we  seek.    Again,  it  will  be  seen  that,  provided 
the  deflections  are  of  a  finite  order  of  minuteness,  and  that  our  mechanism  can  record 
with  such  precision  that  the  true  or  solar  line  falls  at  absolutely  the  same  place  on 
each  of  even  two  plates,  the  chances  are  infinite  against  any  exact  coincidence  of 
lines  which  are  not  ''true."    In  practice,  where  absolute  accuracy  is  unattainable, 
wo  mjst  determine  experimentally  between  what  limits  error  customarily  presents 
itself,  in  the  case  of  the  true  lines  and  in  that  of  the  false,  and  then  ascertain  what 
probable  error  attaches  to  the  result  from  the  final  comparison  of  any  number. 

Daring  the  preceding   year  certain  main  deflections,  somewhat  less  than  one 

hundred  in  number,  were  so  established  as  ''true;"  but  when  within  the  past  year 

the  work  reached  a  state  of  progress  warranting  the  more  detailed  investigation 

of  the  spectrum  alluded  ^o,  upon  applying  the  criterion  mentioned  above  to  the 

deflections  representing  the  minute  lines  with  which  the  work  was  now  dealing,  it 

became  evident  that  the  number  of  very  small  casual  deflections  made  it  desirable 

to  subject  the  method  of  making  the  curves  to  a  renewed  examination,  in  which 

the  source  of  each  class  of  minute  error  should  be  as  far  as  possible  discriminated. 

This  examination  has  shown  that  the  site  which  the  observatory  occupies  is  exposed 

to  local  tremors  and  magnetic  disturbances  in  a  still  greater  degree  than  had  lieen 

anticipated.     The  appended  table  gives  a  rough  classification  of  the  sources  of  these 

errors. 

Classification  of  errors  affecting  holographs. 


Kind  of  error. 


Causes. 


(1)  In  the  position  of  a  line.. 


Variation    of    temperature    of    tli« 
priam,  inaccurate  clockwork,  etc. 


(2)  The  suppression  of  small  I  Inaccuracy  in    photographic  reduc- 


true  lines. 
(3)  The  production  of  false 
small  lines. 


tion  to  line  spectra. 
Karth  tremors,  ma^otic  tluctuations, 
thermal  currents  in  bolometer  cir- 
cuit, change  of  ]>otential  in  bat- 
teries. 


Remarks. 


Mostly  due  to  tcniperatore 
conditions,  the  direct  reauJt 
of  the  present  building. 


Due  (1)  to  location  of  build- 
ing; (2)  to  avoidable  instni> 
mental  defects. 


From  what  has  been  said  it  will  be  seen  that  in  order  that  the  agreement 
of  a  number  of  separate  curves  might  furnish  conclusive  evidence  of  the  reality  of 
a  line,  it  became  necessary  to  establish  experimentally  the  amount  of  accidental 
deflection  due  to  local  tremor  wholly,  and  also  the  admissible  amount  of  final  error 
inherent  in  the  mechanical,  optical,  and  photographic  processes  employed.  The 
following  degree  of  accuracy  has  been  judged  possible  as  a  final  att^iinment  with 
the  present  means,  and  is  that  aimed  nt,  although  not  yet  reached.  This  aim  is  to 
produce  curves  which,  in  a  length  of  60  centimeters,  shall  be  free  from  any  probable 
error  of  a  magnitude  greater  than  one-tenth  of  a  millimeter — a  quantity  whose 
minuteness  relative  to  the  means  employed  may  be  understood  when  it  is  mentioned 
that  it  corresponds  to  six-tenths  of  a  second  of  arc,  as  measured  on  the  circle  of  the 
spectrometer. 

For  the  above  reasons  it  will  be  seen  thjit  the  improvement  of  the  apparatus  used, 
as  well  as  the  investigation  of  sources  of  possible  error,  became  the  most  important 
work  of  the  observatory  before  the  publication  of  authoritative  results. 
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am  pleased  to  state  that  by  the  use  of  the  improved  apparatus,  to  which  I  refer 
er,  the  amoaiit  of  the  probable  error  has  been  greatly  redaced,  and  the  iuvestiga- 
nof  the  causes  of  false  deflections  has  justitied  the  belief  that  those  not  directly 
)  to  the  site  of  the  observatory  will  be,  ere  long,  eliminated. 
Inringthe  progress  of  this  work  the  making  of  observations  with  the  apparatus 
bud  has  not  been  saspended,  but,  on  the  contrary,  has  produced  a  larger  uum- 
of  holographs  than  dnring  any  preceding  year.  The  work  in  detail  may  most 
reniently  be  classified  under  three  general  heads : 

A.  General  spec tro- holographic  work. 

B.  Special  spec  tro- holographic  work. 

C.  Improvements  in  apparatus  and  methods. 

.  The  subjoined  table  shows  in  detail  the  number  of  working  days  and  the  num- 
of  bolograplis  made  in  the  observatory  during  the  year. 

I. 


Dst«. 

Daya 

available. 

Bolo- 
graphs 

of 
spectra. 

Experi- 
mental 
bolo- 
l^raphs- 

1894. 

4 

5 

It 

aber   ... 

5 
9 

4 
12 

7 
8 

3 

8 

12 

5 

12 

19 

9 

33 

20 
24 
10 
42 
44 
14 

ir 

1 

iber 

twr 

2 

1895. 

V........... 

1 

rv ....... 

*j  -•••-••--• 

1 
20 

4 

77 

232 
29 

29 

otal  . . 

261 

Remarks. 


Improving  apparatus. 

Main  observatory  closed  twenty-one  days. 


Constructing  new  piers. 


Unusually  bad  weather. 


the  5th  of  December,  18d4,  an  extended  experimental  investigation  of  the 
exhibited  by  the  apparatus  and  the  methods  in  use  was  begun  on  a  scale  not 
t  tried,  and  the  effects  from  variations  in  the  potentials  of  the  batteries  and 
temperature  effects  in  the  complicated  circuit  of  the  bolometer,  as  well  as 
the  tremors  of  the  earth  and  changes  of  the  magnetic  field,  incident  to  the  bad 
on  of  the  observatory,  were  found  to  be  larger  than  had  been  assumed  from 
>us  trial.  Since  that  time  the  reduction  of  these  errors  has  been  the  constant 
of  the  observatory. 

entire  circuit  of  the  bolometer  has  been  overhauled  and  made  to  consist,  as 
f  as  possible,  of  copper  of  the  same  density  and  without  joints  which  might 
ce  thermal  effects. 

I  experimental  holographs,  referred  to  in  the  above  table,  were,  for  the  most 
levoted  to  the  investigation  of  the  error  produced  by  minute  variations  in  the 
tials  of  the  batteries  used  in  the  bolometer  circuit.  In  order  to  give  some  idea 
)  delicacy  of  the  performance  required  of  this  apparatus,  it  may  be  added  thai 
iriations  averaged  only  0.0000007  of  a  volt,  but  were  still  considered  to  be  too 
for  accurate  working.  It  has  also  become  evident  that  the  arrangement  of 
iing  coils,  which  have  up  to  the  present  time  been  of  the  usual  laboratory 
vere  capable  of  producing,  under  the  fluctuations  of  temperature  in  the 
atory,  effects  of  the  magnitude  of  those  produced  by  the  minute  solar  lines, 
it  was  now  being  attempted  to  deBne  and  meaante. 
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The  greater  number  of  working  days  have  been  devoted  to  the  prodnction  of  a 
large  number  of  holographs  of  the  upper  infra>red  spectrum  made  under  widely 
varying  conditions  for  the  purpose  of  studying  the  possible  causes  of  the  errors 
which  have  been  roughly  indicated  above.  To  this  end  an  investigatiou  of  the  per- 
sonalities of  different  observers,  as  they  may  affect  the  final  results  of  each  observa- 
tion, has  also  been  undertaken. 

B.  The  classification,  detailed  examination,  and  final  reduction  of  holographs  to 
the  linear  translations,  or  "  cylindrics,''  which  resemble  in  appearance  photographs 
of  the  visible  spectrum,  has  kept  pace  with  the  production  of  the  most  satisfactory 
curves. 

The  production  of  these  linear  spectra  involves  the  services  of  a  photographer 
during  three  to  five  days  in  each  instance,  and  extreme  accuracy ;  for  this  reason, 
only  the  best  of  the  curves  obtained  are  subjected  to  this  process.  The  table  given 
below  includes  only  those  plates  which  are  free  from  defects,  and  consequently  rep- 
resents but  a  small  part  of  the  labor  involved  in  the  production  of  results  which 

may  seem  intrinsically  small : 

II. 

Linear  tranalationM  made  {plate8  10  X  SO  cm,). 


Bolographs  of  infra-red  spoctram  from- 


a  to  poT 

ptrr  to  0 

nto4."5 ^ 

ftox 

Total 


Number  of 

cylindric^ 

made. 


17 

18 

7 

13 


55 


Cylindric  r'.,_,»^:»« 


8 
8 
4 

6 


26 


The  following  table  shows  the  number  of  plates  developed: 

III. 
Whole  number  of  platee  developed. 


For  linear  translations. . . 

Bolographs 

Other  photographs 


1894. 

1895.               j 

July. 
42 

Aug. 

Sept. 

Oct. 
16 

Nov. 

Dec. 
5 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnoe-   1 
9 

8 

20 

21 

3 

8 

11 

0 

7 

5 

0 

12 

20 

9 

35 

21 

24 

10 

43 

45 

12 

31 

0 

0 

5 

3 

10 

0 

0 

38 

11 

0 

2 

C.  The  development  of  the  instruments  used,  to  as  near  mechanical  perfection  as 
it  is  possible  to  obtain  with  the  means  at  command  and  under  the  conditions  pre- 
vailing in  the  observatory,  has  constituted,  for  the  reasons  giveu  above,  a  very 
large  part  of  the' work  up  to  the  present  time. 

The  siderostat  has  been  furnished  with  a  new  counterpoise  for  the  altazimuth 
mirror  support,  a  new  direction  axis  and  base  for  the  mirror,  and  a  new  polar  axis, 
resting  upon  ball  bearings,  completed  December  1,  1894.  This  massive  instrument, 
which  has  been  greatly^  modified  since  it  left  the  maker's  hands  until  it  has  taken 
the  form  shown  in  the  annexed  illustration,  is  now  capable  of  being  brought  to 
exact  adjustment,  and  needs  only  the  addition  of  a  new  governor  for  its  driving 
clock  to  make  it  most  efficient. 

With  the  hope  of  compensating  in  some  degree  for  the  extreme  variations  of  tem- 
perature due  to  the  construction  of  the  present  building,  a  conduit  for  warm  air  in 
winter  and  cold  air  in  summer  from  the  blowers  in  the  Smithsonian  building  was 
constructed.  The  coils  of  piping  for  bringing  the  admitted  air  to  the  proper  tem- 
perature after  it  has  reached  the  observatory  are  not  yet  complete,  and  the  need  of 
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ft  more  perfect  aatomatic  regulation  of  the  temperature  (in  the  interest  of  the  work 
rather  than  of  the  comfort  of  the  observer)  is  being  provided  for. 

DoriDgthe  year  1893  the  galvanometer,  perhaps  the  most  important  part  of  the  train 
of  apparatus,  was  brought  to  such  a  condition  that  no  further  improvement  in  this 
direetioa  was  regarded  as  necessary  until  justified  by  a  more  permanent  building 
and  better  facilities  for  isolation  from  magnetic  and  seismic  disturbances  than  are 
at  present  capable  of  being  obtained,  but  in  order  to  make  the  best  use  of  the  facili- 
ties at  hand,  the  former  unstable  galvanometer  pier  has  been  replaced  by  a  massive 
brick  and  stone  stmcture,  finished  March  23,  1895,  built  in  such  a  manner  that  pro- 
tection from  the  vibrations  of  the  surface  earth  is  insured.  It  is,  however,  proper 
to  npeat  that  the  vibrations  of  the  earth,  as  well  as  the  seismic  disturbances,  conse- 
quent to  the  location  of  the  observatory  amid  the  traffic  of  the  city,  continue  to  pre- 
sent serioas  causes  of  error  which  no  possible  care  or  pains  seems  able  to  prevent. 

By  examinations  conducted  in  October,  1894,  it  was  shown  that  the  driving  clock 
of  thespeetro-bolometer  train  performed  its  part  with  less  than  the  rigorous  accuracy 
reqaired.  It  has  consequently  been  replaced  by  a  much  more  accurate  mechanism, 
of  which  an  illustration  is  given,  installed  April  2,  1895,  which  was  constructed  by 
Messrs.  Warner  &.  Swasey,  of  Cleveland,  in  part,  and  in  part  by  Mr.  John  A.  Brashear, 
.of  Allegheny.  This  clock  which  controls  both  the  movement  of  the  photographic 
plate  and  of  the  great  azimuth  circle  carrying  the  prism,  has  been  shown,  ^nder  the 
■train  of  repeated  use,  to  perform  its  duty  within  the  limit  of  allowed  probable 
error— that  is,  one-tenth  of  a  millimeter  in  60  centimeters  motion  of  the  plate,  or  siz- 
tenths  of  a  second  of  arc  in  one  degree  at  the  circle.  A  new  pier  has  also  been 
constmcted  for  the  support  of  this  clock. 

A  mean  solar  standard  clock,  by  the  Howard  Watch  and  Clock  Company,  has  been 
placed  in  the  basement  of  the  Smithsonian  Institution. 

Great  difficulty  has  always  been  experienced  in  the  proper  protection  and  preser- 
vation of  the  optical  surfaces  of  the  rock  salt  necessarily  employed.  A  large  gain 
in  time  and  economy  has  been  made  by  introducing  the  practice  of  repolishing  the 
SQrfaoes  in  the  observatory  itself,  and  it  is  now  possible  to  refigure  the  surface  of  a 
l^rge  prism  or  lens  in  a  few  hours,  at  a  small  cost,  where  it  was  formerly  the  custom 
^  send  such  a  prism  or  lens  to  distant  opticians  at  a  considerable  expense  of  time 
*nd  money. 

A  new  bolometer  case,  with  provision  for  receiving  radiations  from  two  sources, 
^dmauy  minor  pieces  of  apparatus,  have  been  constructed  in  the  workshop  of  the 
^Wrratory.  These  improvements  in  the  apparatus  have  been  accompanied  by 
''^proTements  in  the  method  of  their  use,  which  will  more  fittingly  form  the  subject 
^^  fatnre  report,  but  they  may  nearly  all  be  connected  with  the  need  of  a  more  con- 
'^t  temperature,  combined  with  freedom  from  ground  and  magnetic  tremors. 

MINOR  WORK  OF  THE  YKAR. 

Some  farther  ezjierimental  data  were  collected  for  the  more  accurate  determina- 
ion  of  the  laws  governing  the  change  of  the  index  of  refraction  of  rock  salt,  with 
baoges  in  its  temperature.  The  approach  of  observing  weather  prevented  the  com- 
[etion  of  the  experiments. 

All  of  the  bolometers  on  hand  have  been  calibrated,  in  order  that  their  relative 
Beiencies,  as  well  as  the  means  of  reading  their  indications  quantitatively,  might 
)  known. 

The  very  minnte  and  rapid  changes  in  the  potential  of  certain  types  of  storage 
itteriee,  intended  for  the  use  with  the  bolometer,  have  been  measured,  and  their 
feet  opon  the  indications  of  the  bolometer  investigated. 

It  should  finally  be  repeated,  as  the  most  important  conclusion  of  the  year,  that 
e  final  degree  of  precision  attainable  can  never  be  reached  in  the  present  site. 

PERSONNEL. 

tfr.  C.  G.  Abbot  was  appointed  as  assistant  in  the  observatory  on  the  19th  of  Jwi%^ 
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REPORT  OF  THE  LIBRARIAN. 

Sir:  I  liave  the  honor  to  present  herewith  a  report  upon  the  operations  of  th« 
library  of  the  Smithsonian  Institution  during  the  fiscal  year  ending  June  30, 1895. 

The  entry  numbers  of  accessions  to  the  Smithsonian  deposit  at  the  Library  of 
Congress  extend  from  292,426  to  814,499. 

The  following  table  gives  an  analysis  in  volumes,  parts  of  volumes,  pamphlets,, 
and  charts  of  the  accessions  during  the  year : 

Publications  received  between  July  /,  1894^  and  June  30, 1895. 


Yolamefl 

Parta  of  volumes. 

Pamphlets 

Charts 


Quarto  or 
larger. 


ToUl 


408 

15,842 

451 


Octavo  or 
smaller. 


I 


1.154 
8.422 
3,028 


Total. 

1,5c 

24.264 

8.479 

3S2 

29,637 


In  addition  to  this  there  have  been  added  to  the  Secretary's  library,  office  library, 
and  the  library  of  the  Astrophysical  Observatory  321  volumes  and  pamphlets  aod 
1,995  parts  of  volumes,  making  a  total  of  2,316,  and  a  grand  total  of  accessions  for 
the  year  of  31,953  volumes,  parts  of  volumes,  pamphlets,  and  charts. 

Of  these  accessions,  133  volumes,  7,451  parts  of  volumes,  and  619  pamphlets  were 
retained  for  the  use  of  the  United  States  National  Museum,  and  1,176  medical  disser- 
tations were  deposited  in  the  library  of  the  Surgeon-General,  United  States  Army; 
the  remaining  publications  were  sent  to  the  Library  of  Congress  on  the  Monday 
after  their  receipt. 

In  carrying  out  the  plan  formulated  by  the  Secretary  in  1887  for  increasing  the 
library  exchanges,  473  letters  were  written  asking  for  publications  not  on  the  list,  or 
for  numbers  to  complete  the  series  already  in  the  library.  I  am  enabled  to  report 
that  182  new  exchanges  have  been  thereby  secured,  and  that  97  defective  series 
were  either  completed  or  added  to,  as  far  as  the  publishers  were  able  to  supply  the 
missing  parts. 

A  separate  record  of  periodicals  received  is  kept,  and  from  this  it  appears  that  the 
library  is  now  currently  receiving  3,045  periodicals,  magazines,  and  publications  of 
learned  societies.  This  number  does  not,  however,  include  all  such  publications 
arriving  at  the  Institution^  inasmuch  as  many  societies  whose  publications  are  issued 
irregularly  had  not  been  included  in  the  periodical  record  up  to  within  recent  times. 
A  detailed  statement  of  the  language  and  frequency  of  issue  of  these  publications  is 
herewith  given,  roughly  divided  into  pure  science,  of  which  there  are  1,565,  applied 
science  704,  and  miscellaneous  776. 
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PURE  SCIENCE. 


Annaal. 

Qnar- 
tcrly. 

Monthly. 

Fort- 
nightly. 

10 

11 

15 

3 

1 
1 

Weekly. 

Daily. 

Irreg- 
ular. 

Total. 

124 

135 

107 

37 

15 

9 

8 

10 

2 

1 

3 

3 

2 

2 

1 

98 
54 

06 

19 

8 

0 

5 

95 
40 
32 
19 
16 
5 
4 

5 
6 
5 
1 

1 
1 

199 

112 

82 

18 

15 

28 

12 

11 

14 

15 

5 

3 

3 

1 

532 

358 

328 

97 

55 

52 

29 

3                  2 

26 

6 

1 

4 
4 
1 

4 

26 

1 

18 

I 

13 

10 

I 

1 

7 

4 

1 

1 

«•••••■ 

3 

2 

1 
1 

1 

3 

1 

1 

3 

1 

.......... 

1 

***********     1     ------- 

i 

APPLIED  SCIENCE. 

'• 

82 
54 
25 

4 
5 
2 
1 
3 
2 

30 
15 
13 
5 
6 
1 
4 
2 

114 
28 
50 
10 
10 
5 
1 

17 

13 

8 

5 

1 
2 

52 

16 

10 

3 

79 

314 

33 

17 
10 

159 

123 

37 

6 

28 

5 

2 
1 

1 

15 

8 

6 

1 
2 
2 

1 

i 

1 

3 

.    . 

1 

3 

3 

3 

1 

1 

1 

MISCELLANEOUS. 

107 

47 

10 

5 

4 
4 

.  80 
5 
5 

154 

15 

14 

3 

6 

1 

16 
5 
9 

4 
2 

91 
5 

11 
1 

128 

27 

23 

8 

7 
1 
3 
2 
1 
1 
2 
1 
1 
1 

526 

104 

72 

21 

19 

3 

1 

0 

2 

**  1 

5 

2 
2 

1 
1 



1        i' 

6 

3 

1 

3 

3 

1 

1 

1 

1 

3 

1 

1 

2 

1 

1 

1 

1             1 
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The  following  nniversities  have  sent  complete  sets  of  the!]:  academic  pnblicationB, 

including  inaugural  dissertations : 

Basel,  Greifswald,  Leipzig, 

Berlin,  Halle-Wurtem,  Louyain, 

Bern,  Heidelburg,  Lund, 

Bonn,  Helsingfors,  Marburg, 

Breslau,  Jena,  Tubingen, 

Erlangen,  Johns  Hopkins,  Utretdit, 

Freiburg,  Kiel,  Wiirzburg, 

Giessen,  Konigsberg,  Zurich. 

Of  late  a  considerable  number  of  American  universities  have  begun  to  pnbliio 
dissertations  accepted  for  the  degree  of  doctor  of  philosophy,  and  correspondence  ii 
now  in  progress  for  the  purpose  of  securing  full  sets  of  these  for  the  Library. 

For  some  time  the  question  of  providing  reading  matter  for  the  employees  of  the 
Institution  has  been  under  consideration.  During  the  year  the  Secretary  authorized 
the  purchase  and  binding  of  sets  of  a  number  of  the  more  important  literary  maga- 
zines. These  magazines,  which  are  freely  used,  are  also  of  much  value  in  a  scieniifio 
library,  as  they  often  contain  early  reports  of  explorations,  new  discoveries,  and 
inventions. 

Through  a  course  of  changes  in  the  Smithsonian  Building,  much  needed  improve- 
ments in  the  ventilation  and  lighting  of  the  reading  room  and  library  offices  weze 
rendered  possible. 

The  list  of  donors  to  the  library  has  become  so  large  that  it  is  impossible  to  specify 
them.  Attention,  however,  must  be  directed  to  a  magnificent  gift  of  His  Imperial 
Majesty  the  Sultan  of  Turkey  of  more  than  fifty  volumes  of  photographs  represent- 
ing the  present  condition  of  the  Ottoman  Empire  in  all  departments  of  industry, 
learning,  and  art.  The  Institution  has  also  acquired  the  library  of  the  late  Robert 
Stanton  Avery  by  bequest. 

In  addition  to  the  reading  room,  which  contains  the  current  periodicals  and  trans- 
actions of  learned  societies,  a  room  is  provided  for  works  of  reference,  and  sectional 
libraries  relating  to  astronomy  and  aerodromics  are  maintained.  A  collection  of 
books  and  catalogues  containing  addresses  is  deposited  in  the  office  of  the  Bureanof 
International  Exchanges. 

The  library  has  now  set  apart  five  communicating  rooms  on  the  north  side  of  the 
first  floor,  as  well  as  a  room  on  the  second  floor  of  the  building,  for  prints.  In  addi- 
tion to  these,  the  various  sectional  libraries  above  referred  to  are  kept  in  the  differ- 
ent office  rooms.  The  space  assigned  is  more  than  double  that  allowed  in  past  years, 
and  the  facilities  thus  accorded  are  much  appreciated  by  the  staff  of  the  Institution 
and  of  the  various  scientific  bureaus  of  the  Government  in  Washington. 

By  your  direction  I  spent  the  months  of  August  and  September,  1894,  in  England 
and  on  the  Continent  of  Europe,  in  examining  into  the  exchange  service.  I  also 
visited  a  number  of  libraries  and  booksellers  and  secured  information  concerning  the 
indexing  of  scientific  literature.  A  detailed  report  upon  these  subjects  has  already 
been  presented  to  you. 

Respectfully  submitted. 

Cyrus  Adlbr,  Librarian. 
Mr.  S.  P.  Langlby, 

Secretary  of  the  Smithsonian  Institution, 
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PORT  OV  THE  EDITOR  FOK  THE  YEAR  ENDING  JUNE  30,  1816. 

[  have  the  bouiir  to  Hiihiuit  the  following  report  on  thu  piililiuatiouB  of  the 
luiaa  Institution  fur  tb«  year  uudiiig  June  30,  IWH: 


.    aUttll60mjiS  CONTRIBUTIONS  T 

r  of  the  CoDtribntious  to  Knowledge  woa  by  Messrs.  gquier  and 
an  Ancient  Mouiimenta  of  tLe  Missisitippi  Valley,  pnbllsbed  in  1848;  Btnce 
ime  127  meninirs,  pertaining  to  nearly  all  brauchea  of  knowledge,  have  been 
uakiug  twenty -seven  completed  qnartu  volumes. 

of  two  other  vulnmes  hare  been  printed  and  three  additional  volumes  are 

pceBB. 

emoirs  of  this  serieH  were  published  during  the  year,  though  the  mannscript 
papers  was  sent  to  the  printer,  one  by  Prof.  E.  W.  Morley,  on  DeusitieH  of  Oiy- 
i  Hydtxigen,  and  one  by  Drs.  Billing,  Mitchell,  and  Bergey,  on  the  Compo- 
■f  Expired  Air  and  its  Efiecta  on  Animal  Life. 

first  volame  of  the  series  of  MiscellaneouH  Collections  was  published  in  1S63, 
e  aeries  now  numbers  35  eoiupleted  octavo  volumes,  embracing  167  distinct 
,  besidea  parts  of  3  additional  volumes. 

following  papers  of  this  series  wore  published  during  the  past  fiscal  year: 
^i.  8mitbsouian  Geogriipbical  Tables,  prepared  by  K.  S.  Woodwnrd.     (Part 
.   XXXV   of  the  Smithsonian   Miscellaneous  Collectioua.)    Ottavo,  cv -|- ISli 
The  other  parts  of  Vol.  XXXV   are  the  Meteorological  Tables,   issned  in 
ind  the  Physical  Tables,  now  in  press. 

969.  The  Varieties  of  the  Human  Species.  Principles  and  Methods  of  Classi- 
n.  By  GioM-ppe  Sergi.  (Part  of  Vol.  XXXVIII  of  the  Sraithaonian  Mistel- 
sCollections.)    Octavopamphlet  of  61  pages;  illustrated  with50  text  figures. 
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SEPABATES  FROM  ANNUAL  REPORT. 

No.  926.  Proceedings  of  the  Board  of  RegentB  and  Report  of  the  Execntive  Com- 
mittee for  the  year  ending  June  30, 1893,  together  with  Acts  of  Congress.  (From  the 
Smithsonian  Report  for  1893.)    Octavo  pamplilet  of  33  pages. 

No.  927.  The  Wanderings  of  the  North  Pole,  by  Sir  Robert  BaU,  F.  R.  8.  (From 
the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  13  pages. 

No.  928.  The  Great  Lunar  Orator  Tycho,  by  A.  C.  Ranyard.  (From  the  Smith- 
sonian Report  for  1893.)    Octavo  pamphlet  of  6  pages. 

.    No.  929.  The  Early  Temple  and  Pyramid  Builders,  by  J.  Norman  Lockyer.    (From 
the  Smithsonian  Report  for  1893. )    Octavo  pamphlet  of  11  pages. 

No.  930.  Variable  Stars,  by  Prof.  C.  A.  Young.  (From  the  Smithsonian  Report  for 
1893.)    Octavo  pamphlet  of  5  pages. 

No.  931.  The  Lumiuiferous  uEther,  by  Sir  George  G.  Stokes.  (From  the  Smith- 
sonian Report  for  1893.)    Octavo  pamphlet  of  7  pages. 

No.  932.  Atoms  and  Sunbeams,  by  Sir  Robert  Ball,  F.  R.  S.  (From  the  Smith- 
sonian Report  for  1893.)    Octavo  pamphlet  of  13  pages. 

No.  933.  Fundamental  Units  of  Measure,  by  T.  C.  Mendenhall.  (From  the  Smith- 
sonian Report  for  1893.)    Octavo  pamphlet  of  15  pages. 

No.  934.  Photography  in  the  Colors  of  Nature,  by  F.  £.  Ives.  (From  the  Smith- 
sonian Report  for  1893.)    Octavo  pamphlet  of  12  pages. 

No.  935.  Photographs  in  Natural  Colors,  by  the  Process  of  L.  Lumbir^e,  by  Leon 
Wamerke.     (From  the  Smithsouian  Report  for  1893.)    Octavo  pamphlet  of  2  pages. 

No.  936.  Electric-Spark  Photographs  of  Flying  Bullets,  by  C.  V.  Boys,  F.  R.  S. 
(From  the  Smithsouian  Report  for  1893.)  Octavo  pamphlet  of  18  pages;  illustrated 
with  11  plates. 

No.  937.  Magnetic  Properties  of  Liquid  Oxygen,  by  Prof.  James  Dewar,  F.  R.  S. 
(From  the  Smithsonian  Report  for  1893.)  Octavo  pamphlet  of  5  pagee;  illustrated 
with  1  figure. 

No.  937.  The  Problem  of  Flying,  by  Otto  Lilienthal.  (From  the  Smithsoniui 
Report  for  1893.)    Octavo  pamphlet  of  6  pages;  illustrated  with  6  figures. 

No.  938.  Practical  Experiments  in  Soaring,  by  Otto  Lilienthal.  (From  the  Smith- 
sonian Report  for  1893.)    Octavo  pamphlet  of  5  pages;  illustrated  with  2  plates. 

No.  939.  Phenomena  Connected  with  Cloudy  Condensation,  by  John  Aitken,  F.  R.  & 
(From  the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  30  pages. 

No.  940.  On  Chemical  Fnergy,  by  Dr.  W.  Ostwald.  (From  the  Smithsonis 
Report  for  1893.)    Octavo  pamphlet  of  8  pages. 

No.  941.  The  American  Chemist,  by  Prof.  G.  C.  Caldwe..  From  the  Smithsonib 
Report  for  1893.)    Octavo  pamphlet  of  14  pages. 

No.  942.  The  Highest  Meteorological  Station  in  the  World,  by  A.  Lawrence  Rotch. 
(From  the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  5  pages. 

No.  943.  The  Mont  Blanc  Observatory.  (From  the  Smithsonian  Report  for  1893.) 
Octavo  pamphlet  of  5  pages;  illustrated  with  1  figure. 

No.  944.  Relations  of  Air  and  Water  to  Temperature  and  Life,  by  Gardiner  G.  Hub- 
bard.    (From  the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  11  pages. 

No.  945.  The  Ice  Age  and  its  Work,  by  A.  R.  Wallace,  F.  R.  S.  (From  the  Smith- 
sonian Report  for  1893.)    Octavo  pamphlet  of  24  pages;  illustrated  with  1  plate. 

No.  946.  Geologic  Time,  as  indicated  by  the  Sedimentary  Rocks  of  North  America, 
by  Charles  D.  Walcott.  (From  the  Smithsouian  Report  for  1893.)  Octavo  pamphlet 
of  34  pages;  illustrated  with  1  map. 

No.  947.  The  Age  of  the  Earth,  by  Clareuce  King.  (From  the  Smithsonian  Report 
for  1893.)    Octavo  pamphlet  of  18  pages;  illustrated  with  2  plates  and  1  figure. 

No.  948.  The  Renewal  of  Antarctic  Exploration,  by  John  Murray,  LL.  D.  (From 
the  Smithsonian  Report  for  1893.)  Octavo  pamphlet  of  21  pages;  illustrated  with 
1  map. 

No.  949.  The  North  Polar  Basin,  by  Henry  Seebohm,  F.  L.  S.,  F.  Z.  S.  (From  the 
BmithBonian  Report  for  1893. )    Octavo  pamphlet  of  20  pages ;  illustrated  with  1  mAp. 
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Ko.  ^0.  The  Present  Standpoint  of  Geography,  by  Clements  R.  Markham,  F.  R.  S. 
(From  the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  24  pages. 

No.  951.  How  Maps  are  Made,- by  W.  B.  Blakie.  (From  the  Smithsonian  Report 
for  1898. )     OctaTo  pamphlet  of  15  pages ;  illustrated  with  2  plates. 

No.  962.  Biology  in  Relation  to  other  Natural  Sciences,  by  J.  S.  Burdon-Sanderson, 
F.  R.  S.     (From  the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  29  pages. 

No.  953.  Field  Study  in  Ornithology,  by  H.  B.  Tristram,  F.  R.  S.  (From  the 
Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  21  pages. 

Ko.  054.  The  so-called  Bugoniaof  the  Ancients,  and  its  Relatioi^  to  a  bee-like  Fly — 
Eristalis  tenax,  by  C.  R.  Osten-Sacken.  (From  the  Smithsonian  Report  for  1893.) 
OctaTo  pamphlet  of  14  pages. 

No.  955.  Comparative  Locomotion  of  Different  Animals,  by  £.  J.  Marey.  (From  the 
^nithsonian  Report  for  1893. )   Octavo  pamphlet  of  4  pages ;  illustrated  with  3  plates. 

No.  956.  The  Marine  Biological  Stations  of  Europe,  by  Bashford  Dean.  (From  the 
Smithsonian  Report  for  1893.)  Octavo  pamphlet  of  15  pages;  illustrated  with  2 
fignres  and  9  plates. 

No.  957.  The  Air  and  Life,  by  Henry  de  Varigny.  (From  the  Smithsonian  Report 
for  1893.)    Octavo  pamphlet  of  24  pages. 

No.  958.  Deep-sea  Deposits,  by  A.  Daubrde.  (From  the  Smithsonian  Report  for 
1893.)     Octavo  pamphlet  of  22  pages;  illustrated  with  2  maps. 

No.  969.  The  Migrations  of  the  Races  of  Men  Considered  Historically,  by  Prof. 
James  Bryce.    (From  the  Smithsonian  Report  for  1893. )    Octavo  pamphlet  of  22 pages 

No.  960.  The  ''Nation"  as  an  Element  in  Anthropology,  by  Daniel  G.  Brinton. 
(From  the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  12  pages. 

No.  961.  Summary  of  Progress  in  Anthropology,  by  Otis  Tufton  Mason.  (From 
the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  29  pages. 

No.  962.  North  American  Bows,  Arrows,  and  Quivers,  by  Otis  Tufton  Mason. 
(From  the  Smithsonian  Report  for  1893.)  Octavo  pamphlet  of  50  pages ;  illustrated 
with  57  plates. 

No.  963.  Oriental  Scholarship  during  the  Present  Century,  by  Prof.  Frederick 
Max  Miiller.    (From  the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  20  pages. 

No.  964.  Stone  Age  Basis  for  Oriental  Study^  by  Prof.  E.  B.  Tylor,  F.  R.  S.  (From 
the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  8  pages. 

No.  965.  Biographical  Sketch  of  Henry  Milne-Edwards,  by  M.  Berthelot.  (From 
the  Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  19  pages. 

No.  973.  Report  of  S.  P.  Langley,  Secretary  of  the  Smithsonian  Institution,  for  the 
year  ending  June  30,  1894.  Octavo  pamphlet  of  iil -f  88  pages;  illustrated  with  1 
text  fiji^are  and  4  plates. 

III.   SMITHSONIAN  ANNUAL  REPORTS. 

No.  925.  Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution, 
showing  the  operations,  expenditures,  and  condition  of  the  Institution  to  July,  1893. 
This  volnnie  contains  the  journal  of  proceedings  of  the  Board  of  Regents  at  the 
annual  meeting,  held  Jannary  25,  1893;  the  report  of  the  executive  committee  of  the 
board  for  the  year;  acts  and  resolutions  of  Congress  relative  to  the  Institution,  and 
the  report  of  the  secretary  of  the  Institution ;  concluding  with  the  general  appendix, 
in  which  are  given  the  following  papers:  "  The  wanderings  of  the  North  Pole,"  by 
Sir  Robert  Ball,  F.  R.  S.;  "The  great  lunar  crater  Tycho,"  by  A.  C.  Ranyard; 
"The  early  temple  and  pyramid  builders,"  by  J.  Norman  Lockyer;  "Variable 
•tars,"  by  Prof.  C.  A.  Young;  " The luminiferons  jether,"  by  Sir  George  G.  Stokes; 
"Atoms  and  sunbeams,"  by  Sir  Robert  Ball,  F.  R.  S. :  "  Fundamental  units  of  meas- 
ure," by  T.  C.  MendenhaU;  "Photography  in  the  colors  of  nature."  by  F.  E.  Ives; 

Photographs  in  natural  colors,  by  the  process  of  L.  LumiJjre,"  by  Leon  Wamerke; 

Electric-spark  photographs  of  flying  bullets,"  by  C.  V.  Boys,  F.  R.  S.;  "Mag- 
netic properties  of  liquid  oxygen,"  by  Prof.  James  Dewar,  F.  R.  S. ;  "The  prob- 
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leni  of  flying/'  by  Otto  Lilienthal;  "Practical  experiments  in  soaring,"  by  Otto 
Lilienthal ;    "  Phenomena  connected  with  clondy  condensation,"  by  John  Aitken, 
F.  R.  8.;  "On  chemical  energy,"  by  Dr.  W.  Ostwald;  "The  American  chemist," 
by  Prof.  Q.  C.  Caldwell;  "The  highest  meteorological  station  in  the  world,"  by  A. 
Lawrence  Rotch;  "The  Mont  Blanc  observatory;"  "Relations  of  air  and  water 
to  temperature  and  life,"  by  Gardiner  G.  Hubbard;  "The  ice  age  and  its  work,'' 
by  A.  R.  Wallace;  "Geologic  time,  as  indicated  by  the  sedimentary  rocks  of  North 
America,"  by  Charles  D.  Walcott;   "The  age  of  the  earth,"  by  Clarence  King; 
"The  renewal  of  Antarctic  exploration,"  by  John  Murray,  LL.  D. ;  "The  North 
Polar  Basin,"  by  Henry  Seebohm,  F.  L.  S.,  F.  Z.  S. ;  "The  present  standpoint  of 
geography,"  by  Clements  R.  Markham;  "How  maps  are  made,"  by  W.  B.  Blakie; 
"Biology  in  relation   to  other  natural   sciences,"  by  J.   S.   Burdon-Sanderson; 
"Field  study  in  ornithology,"  by  H.  B.  Tristram,  F.  R.  S. ;  "The  so-called  Bugonia 
of  the  ancients,"  by  C.  R.  Osten-Sacken ;   "  Comparative  locomotion  of  different 
animals,"  by  £.  J.  Marey;   "The  marine  biological  stations  of  Europe,"  by  Bash- 
ford  Dean;  "The  air  and  life,"  by  Henry  deVarigny;  "Deep-sea  deposits,"  by  A. 
Daubr^e ;  "  The  migrations  of  the  races  of  men  considered  historically,"  by  Prof. 
James  Brice;  "The  Nation  as  an  element  in  anthropology,"  by  Daniel  G.  Brinton; 
"Summary  of  progress  in  anthropology,"  by  Otis  Tufton  Mason;  "  North  American 
bows,  arrows,  and  quivers,"  by  Otis  Tuftou  Mason;  "Oriental  scholarship  during 
the  present  century," by  Prof.  Frederick  Max  Miiller;  "Stone  age  basis  for  oriental 
studies,"  by  Prof.  E.  B.  Tylor,  F.  R.  S. ;  "Biographical  sketch  of  Henry  Milne- 
Edwards,"  by  M.  Berthelot;  the  whole  forming  an  octavo  volume  of  xliv-f763 
pages ;  illustrated  with  10  figures  in  the  text  and  94  plates. 

No.  967.  Repoii;  of  the  United  States  National  Museum ;  Annual  Report  of  the  Board 
of  Regents  of  the  Smithsonian  Institution,  showing  the  operations,  expenditures, 
and  condition  of  the  Institution  for  the  year  ending  June  30,  1893.  This  volume 
comprises  two  parts :  Part  I.  Report  of  the  Assistant  Secretary  in  charge  of  the 
National  Museum,  showing  recent  advances  in  museum  methods,  special  topics  of  the 
year,  work  of  the  scientific  departments,  administration,  etc.  Part  II.  Papers 
describing  and  illustrating  collections  in  the  Museum,  as  follows:  "The  poisonooB 
snakes  of  North  America,"  by  Leonhard  Stejneger;  "Chinese  games  with  dice  and 
dominoQS,"  by  Stewart  Culin;  "The  onyx  marbles,  their  origin,  composition,  and 
uses,  both  ancient  and  modern,"  by  George  P.  Merrill;  "The  cowbirds,"  by  Maj. 
Charles  Beudire;  "Primitive  American  armor,"  by  Walter  Hough ;  "The  weapons 
and  wings  of  birds,"  by  Frederic  A.  Lucas;  "  Notes  on  the  ethnology  of  Tibet,  based 
on  the  collections  in  the  United  States  National  Museum,"  bv  William  Woodville 
Rockhill;  "Two  Persepolitan  casts  in  the  United  States  National  Museum,"  by 
Cyrus  Adler;  Museum  collections  to  illustrate  religious  history  and  ceremonials," 
by  Cyrus  Adler;  "If  public  libraries,  why  not  public  museums!"  by  Edward  S. 
Morse.  The  whole  forms  an  octavo  volume  of  xxi  -\-  794  pages,  illustrated  with  116 
test  figures  and  187  plates.  (This  volume  had  been  issued  as  a  public  document  but 
the  Smithsonian  had  not  received  its  quota  for  distribution  at  the  close  of  the  year.) 

IV.    PUBLICATIONS  OP  THE  BUREAU   OF  ETHNOLOGY. 

The  Bureau  of  Ethnology  publications  during  the  year  included  the  eleventh  and 
twelfth  Annual  Reports,  Volume  IX  of  Contribution  to  North  American  Ethnology, 
and  five  Bulletins  as  enumerated  by  the  Director  of  the  Bureau  in  his  report. 

V.    PKOCEEDINGS  AND  BULLETIN  OF  THE   UNITED  STATES  NATIONAL  MUSEUM. 

The  Museum  publications  are  enumerated  in  detail  in  Appendix  I  and  need  not  be 

repeated  here. 

Respectfully  submitted. 

A.  Howard  Cijlrk. 

Mr.  S.  P.  Langley, 

Secretary  of  the  Smitheonian  Institution, 
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ADVERTISEMENT. 


The  object  of  the  General  Appendix  to  the  Annual  Report  of  the 
Smithsonian  Institution  is  to  furnish  brief  accounts  of  scientific  discov- 
ery iu  particular  directions;  reports  of  investigations  made  by  collab- 
orators of  the  Institution ;  and  memoirs  of  a  general  character  or  on 
special  topics  that  are  of  interest  or  value  to  the  numerous  correspond- 
ents of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
required  of  them  by  law  with  memoirs  illustrating  the  more  remarka- 
l)le  and  important  developments  in  physical  and  biological  discovery, 
as  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tution; and  this  purix>se  has,  during  the  greater  part  of  its  history, 
been  carried  out  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to  all  attracted  by  scientific  progress. 

In  1880  the  Secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  summary  of  progress  which  for  thirty  years  previous  had  been 
issned  by  well-known  private  publishing  firms,  had  prepared  by  com- 
l>etent  collaborators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satisfactorily,  down  to  and  including  the  year  1888. 

In  the  report  for  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  discus- 
sion.    This  method  has  been  continued  in  the  present  report,  for  1895. 
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ATMOSPHBEIC   ELECTEICITYJ 


By  Pbof.  Abthtjb  Schuster,  F.  R.  S. 


It  is  hardly  possible  to  imagine  that  the  first  experimenter  who 
)tained  an  electric  spark  sufficiently  strong  to  produce  a  sensible 
iQDd  should  not  at  once  have  been  struck  by  the  fact  that  he  was  in 
le  presence  of  thunder  and  lightning  on  a  small  scale.  We  find, 
deed,  in  various  writings  from  the  early  days  of  electrical  machines  a 
unber  of  suggestions  that  the  thunderstorm  is  an  electrical  phenom- 
ion;  but  to  Benjamin  Franklin  belongs  the  merit  of  having  i)erceived 
at  a  direct  experiment  was  needed  to  prove  what  so  far  was  only  a 
iess.  In  an  article  entitled  "Opinions  and  conjectures  concerning 
e  properties  and  effects  of  the  electrical  matter  arising  from  experi- 
ents  and  observations  made  at  Philadelphia,  1749,^'  the  following 
•ssage  occurs: 

"To  determine  the  question  whether  the  clouds  that  contain  light- 
Qg  are  electrified  or  not,  I  would  propose  an  experiment  to  be  tried 
'ere  it  can  be  done  conveniently.  On  the  top  of  some  high  tower  or 
^ple  place  a  kind  of  sentry-box,  big  enough  to  contain  a  man  and 
electrical  stand.  From  the  middle  of  the  stand  let  an  iron  rod  rise 
i  pass,  bending  out  of  the  door,  and  then  upright  20  feet  or  30  feet, 
Dted  very  sharp  at  the  end.  If  the  electrical  stand  be  kept  clean 
I  dry,  a  man  standing  on  it,  when  such  clouds  are  passing  low, 
^ht  be  electrified  and  afford  sparks,  the  rod  drawing  fire  to  him  from 
load. 

If  any  danger  to  the  man  should  be  apprehended  (though  I  think 
re  would  be  none),  let  him  stand  on  the  floor  of  his  box,  and  now 
then  bring  near  to  the  rod  the  loop  of  a  wire  that  has  one  end 
ened  to  the  leads,  he  holding  it  by  a  wax  handle,  so  the  sparks,  if 
rod  is  electrified,  will  strike  from  the  rod  to  the  wire  and  not  aft'ect 


vj 


tie  experiment  suggested  by  Franklin  was  successfully  performed 
[arly  (France),  by  D'Alibard,  on  May  10,  1752,-*  in  London  by  Can- 
in  Spital  square,  on  July  20, 1762,  and  by  Wilson,  in  Chelmsford, 


Aconrae  delivered  before  the  Royal  Institation  of  Great   Britain,  by  Prof. 
If  SchuBter,  F.  R.  S.    Printed  in  Nature,  No.  1366,  Vol.  LIU,  January  2,  1896. 
Sxperimente  and  observations  on  electricity  made  at  Philadelphia,  in  America/' 
mjamin  Franklin,  LL.  D.  and  F.  R.  S.     (London,  printed  for  David  and  Henry, 
old  by  Francis  Newbery,  1769,  p.  66.) 
id.,  p.  107.  ^^ 
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Essex,  on  An^st  12  of  the  same  year.  Franklin  himself  describes 
having  used  a  kite  in  Philadelphia  in  a  letter  dated  October  19,  with- 
out giving  the  date  of  his  observations.  But  this  must  be  supplied  in 
some  passage  which  I  have  not  been  able  to  find,  for  Bosenberger 
("Geschichte  der  Physik,"  Vol.  II,  p.  316)  mentions  that  it  was  done  in 
June. 

Franklin's  disbelief  in  the  dangerous  character  of  the  experiment 
must  have  received  a  severe  shock  when  he  heard  of  the  death  of 
G.  W.  Richmann,  who,  in  the  year  1753,  was  killed  by  an  electric  dis- 
charge drawn  from  the  clouds  by  means  of  a  kite. 

The  thunderstorm  is  the  most  impressive  eftect  of  atmospheric  elec- 
tricity, though  it  is  rivaled  in  beauty  by  the  aurora,  and  in  interest  by 
the  many  phenomena  of  daily  occurrence  which  are  only  made  percepti- 
ble to  us  by  proper  instruments.  In  a  lecture  delivered  before  this 
institution  on  May  18, 1860,  Lord  Kelvin  described  the  delicate  elec- 
trical appliances  constructed  by  him  for  the  more  accurate  observation 
of  atmospheric  electricity.  The  problems  then  for  the  first  time  clearly 
stated  gave  a  powerful  and  still  lasting  impulse  to  the  investigation  of 
atmospheric  electricity,  and  though  no  decisive  answer  can  be  given 
to  all  the  questions  raised  in  that  lecture,  recent  researches  have 
brought  us  somewhat  nearer  to  their  solution. 

Observations  which  may  be  made  every  day  and  at  every  place  have 
shown  that  the  earth  is  electrified,  whatever  the  weather  may  be.  In 
the  language  of  the  older  theories,  which  we  can  not  as  yet  altogether 
abandon,  we  say  that  the  earth  is  covered  with  negative  electricity,  or, 
in  modern  phraseology,  we  express  the  same  idea  by  the  statement 
that  we  move  about  iu  an  electrified  field,  that  electric  lines  of  force 
stretch  through  the  air  from  the  ground,  from  our  bodies,  and  from 
everything  which  is  exposed  to  the  sky  overhead.  The  strength  of  this 
electric  field  is  not  at  all  insignificant.  If  we  wish  to  produce  it  arti- 
ficially between  two  parallel  plates  kept  at  a  distance  of  1  foot,  we 
should  have  to  apply  an  electrouxotive  force  sufficient — and  sometimes 
more  than  sufficient — to  light  up  the  incandescent  lamps  which  illu- 
minate our  dwellings.  The  electric  force  is  comparatively  weak  in  our 
country,  but  50  volts  per  foot  are  constantly  observed,  and  100  volts 
are  not  uncommon;  but  in  drier  climates  the  amount  of  the  force  may 
be  considerably  in  excess  of  these  figures. 

If  we  fix  our  minds  on  the  lines  of  force  starting  from  the  surface  of 
the  earth,  we  are  at  once  led  to  ask.  Where  is  their  other  end!  Do 
they  (;urve  round  and  back  again  to  earth!  Do  they  end  in  the  dust 
which  everywhere  surrounds  us,  or  do  they  reach  up  to  the  clouds t 
Do  they  pass  through  the  clouds  and  end  where  invisible  particles 
separate  the  sunset  red  from  the  midday  blue?  Or,  finally,  do  they 
leave  the  earth  altogether,  and  form  intangible  bonds  between  us  and 
the  sun,  the  stars,  the  infinity  of  space!  These  are  not  idle  questions, 
and  we  can  not  be  said  to  have  solved  our  problem  unless  some  definite 
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answer  is  giveu  to  them.  The  last  mentioned  view,  propounded  origi- 
Dally  by  Peltier,  and  latterly  supported  by  Exuer,  is  the  simplest.  If 
we  could  allow  that  the  earth,  once  electrified  negatively,  could  remain 
electrified  forever,  the  corresponding  positive  electrification  being 
ontside  our  atmosphere  altogether,  the  chief  difficulty  of  atmospheric 
electricity  would  be  removed,  aud  the  normal  fall  of  potential  at  the 
surface  would  be  explained  by  the  permanent  negative  electrification 
of  the  surface. 

Unfortunately  this  view,  to  be  tenable,  has  to  assume  that  the 
atmosphere  is  a  complete  nonconductor  to  the  normal  electric  stress, 
and  this  is  known  not  to  be  the  case.  We  know  of  several  causes 
which  break  down  the  insulating  properties  of  air.  If  two  i)ith  balls 
are  electrified  and  repel  each  other,  aud  a  match  be  lit  in  their  neighbor- 
hood, the  pith  balls  come  together,  showing  that  they  have  lost  their 
charge,  and  consequently  that  the  fiame  of  the  match  has  destroyed 
the  insulating  power  of  air.  It  is  not  only  the  flame  itself  which  con- 
ducts, bat  also  the  gases  rising  from  the  flame.^  The  following  experi- 
ment will  prove  this.  In  Fig.  1,  Plate  I,  A  represents  a  metallic  tube 
bent  round  at  the  upper  end,  and  containing  at  its  lower  end  a  Bunsen 
burner  in  metallic  contact  with  the  tube,  which  is  also  connected  to  an 
electroscope.  The  tripod  T,  which  supports  the  tube,  is  insulated  by 
blocks  of  paraffin.  A  Leyden  jar  L,  on  a  separate  support,  is  placed 
so  that  the  knob  stands  at  about  the  level  of  the  upper  part  of  the 
tube,  which  acts  as  chimney  to  the  flame.  The  knob  of  the  jar  may  be 
a  few  inches  away  from  the  opening  of  the  chimney,  and  not  neces- 
sarily in  a  line  with  it  The  experiment  succeeds,  although  the  gases 
rising  from  the  burner  may  not  come  into  contact  with  any  part  of  the 
jar.  The  jar  is  charged,  and  care  must  be  taken  that  no  fibers  of  dust 
attach  themselves  either  to  the  jar  or  chimney.  I  have  found  it  con- 
venient to  join  a  piece  Of  amalgamated  zinc  to  the  end  of  the  chimney. 
Under  these  circumstances  the  charge  of  the  jar  will  be  found  to  leak 
across  to  the  tube,  and  the  leaves  of  it  will  diverge.  If,  as  in  Exner's 
form  of  electroscope,  the  leaves,  on  reaching  a  certain  divergence,  dis- 
charge by  forming  a  contact  with  earth-connected  plates  C  C,  the 
charging  and  discharging  can  be  watched  for  a  long  time.  It  will  be 
noticed  that  the  flame,  being  altogether  surrounded  by  a  tube  of  the 
same  jratential,  cannot  be  active  in  this  case,  but  the  conductivity  must 
be  due  to  the  gas  as  it  escapes  from  the  chimney. 

It  follows  from  these  experiments  that  every  fire  burnt  on  the  surface 
of  the  earth  aud  every  chimney  through  which  products  of  combustion 
pass  act  like  very  effective  lightning  conductors,  and  would  conse- 
quently discharge,  slowly  but  surely,  any  electrification  of  the  surface 
of  the  earth.  The  peculiar  immunity  of  factory  chimneys  against  dam- 
age by  lightning  appears  from  statistics  collected  by  Hellmann  in 


'  The  most  complete  inTestigation  of  the  conduction  of  gases  rising  from  flames 
is  contained  in  a  series  of  papers  by  Giese  (Wiedemann's  Annalen^  Vol.  XYIl). 
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ScbleswigHolstein,*  for  while  6.3  churches  per  thousand  were  struck^ 
and  8.5  windmills,  the  number  per  thousand  of  factory  chimneys  was 
only  0.3. 

Franklin  was  acquainted  with  the  action  of  flames.  He  also  discov- 
ered that  no  charge  can  be  given  to  a  red-hot  iron  ball,  a  fact  which 
seems  to  have  been  forgotten  until  rediscovered  in  our  own  times  by 
Guthrie.  Franklin  also  tried  the  action  of  sunlight,  but  obtained  no 
result.  Had  he  performed  the  experiment  with  carefully-cleaned  zinc, 
he  would  have  anticipated  one  of  the  most  striking  of  Hertz's  discov 
eries.  We  now  know  that  a  negatively-charged  surface  will  discharge 
into  air  when  illuminated  by  strong  violet  light,  and  sunlight  will  be 
sufficient  with  specially  sensitive  materials.  This  action  has  been 
investigated  in  detail  by  Elster  and  Geitel,  who  have  not,  however, 
succeeded  in  obtaining  results  with  sunlight  acting  on  such  bodies  as 
we  know  the  earth's  crust  to  be  made  of.  So  far,  then,  we  have  no 
experimental  evidence  to  include  light  as  an  active  agent  in  the  phe- 
nomenon of  atmospheric  electricity. 

We  x)ossess  in  the  electric  discharge  itself  a  very  powerful  and  prob 
ably  very  generally  active  means  of  breaking  down  the  insulating  power 
of* air.  Some  of  the  experiments  (Proc.  Eoy.  Soc.,  Vol.  XLII)  which 
I  described  some  years  ago  to  prove  this  were  objected  to  on  the  ground 
that  it  might  not  be  the  discharge  itself,  but  the  ultra-violet  light  sent 
out  by  the  luminosity  of  the  discharge,  which  was  active.  The  follow- 
ing form  of  the  experiment  conclusively  shows  that  the  discharge  acts 
independently  of  light. 

In  Fig.  2,  Plate  I,  K  represents  a  Ehumkorff  coil  entirely  surrouuded 
by  a  metallic  box  B,  which  is  connected  to  earth.  The  terminals  of  the 
coil  lead  to  two  electrodes  inside  a  metallic  tube  T,  which  is  also  kept 
at  zero  potential.  This  tube  is  arranged  so  that  a  current  of  air  can 
be  blown  through  it.  The  air,  on  escaping  through  the  tube,  is  made 
either  to  impinge  on  or  to  pass  near  a  metallic  plate  connected  to  a 
charged  electroscope.  Under  these  circumstances  the  electroscope  is 
not  discharged  either  by  a  current  of  air  alone  or  by  the  coil  alone; 
but  as  soon  as  the  air  is  blown  through  the  apparatus  while  the  sparks 
are  passing  and  then  made  to  impinge  on  the  plate  C,  the  electroscope 
is  instantaneously  discharged.  The  experiment  succeeds  when  a  plu^ 
of  cotton- wool  is  inserted  at  W  to  stoj)  the  action  of  the  dust;  but  a 
plug  of  cotton-wool  at  the  other  end  diminishes  the  action  so  much  that 
1  am  doubtful  whether  the  eft'ect  then  really  exists  then\  1  am,  so  far, 
not  inclined  to  believe  that  the  action  is  due  to  dust,  but  rather  thaD 
the  cotton- wool  acts  in  increasing  very  considerably  the  interval  which 
elai)se8  between  the  time  at  which  the  spark  acts  and  the  time  at  which 
the  sparked  air  passes  out  of  the  tube.    The  effect  may  be  observed 


'"Voroft'entl.  des  kgl.  preuss.  stat.  Bureaus,"  1886,  p.  177,  quoted  by  Bebb€r, 
"Metoorologio,"  p.  245. 
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Experiments  with  Atmospheric  Electricity. 


are  sometimes  put  up  to  protect  overhead  leads  nsed  for  con- 
a  high  tension  curreut.  Owiiig  to  the  obvious  ii])])08stbility 
necting  the  leads  directly  to  earth,  a  small  air  gap  is  inter- 
the  idea  beiog  that  the  air  gap  will  act  as  an  insulator  for  the 
:  the  leads  are  intended  to  cairj',  but  that  if  during  a  thunder- 
be  potential  rises  sufflcientl;  high  to  be  daogerous,  equalization 
ke  place  through  the  air  gap  to  earth  by  means  of  a  small  spark, 
the  air  gap  answers  its  purpose,  but  as  soon  as  a  spark  passes 
b  the  gap  it  destroys  the  insulating  power  of  the  air,  and  the 
uirent  consequently  takes  a  short  cut  through  the  ga]>.  At 
sina,  in  the  Engadine,  lightning  cuudnctors  put  up  in  this  way 
sensitive  that  a  flash  of  lightning  several  miles  away  causes  a 
park  by  induction,  atid  instantaneously  puts  out  every  electric 
I  the  town. 

t  accept  the  view  that  an  electric  discharge  destroys  the  insulat- 
rer  of  the  gas,  it  follows  that  the  outer  regions  of  the  atmosphere 
ondnct,  for  we  have  ample  reason  to  suppose  tbiit  electric  cur- 
tre  passing  continuously  through  those  regions.  The  aurora 
s  in  the  arctic  regions  is,  according  to  Nordenskiiild's  observa- 
i  permanent  phenomenon,  and  the  diurnal  changes  of  terrestrial 
tism  show  that  in  our  latitudes  electric  currents  traverse  the  air 
us.  However  small  a  conductivity  we  may  assign  to  the  atmos- 
the  earth  could  not  remain  electrified  inside  such  a  shell  of  par- 
onducting  gases.  Lord  Kelvin  drew  the  same  conclusion  in  the 
Institution  lecture,  on  the  assumption  that  gases  at  much  reduced 
res  cease  to  insulate.    We  may  leave  it  an  open  question  whether 
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is  greater  at  a  height  of,  say,  200  meters  than  on  the  snrface  of  the 
earth.  The  observations  of  Dr.  Lconhard  Weber  (Elektrotechnische 
Zeitschrift,  April,  1888)  bring  out  this  point  clearly.  In  one  case  the 
fall  of  potential  at  a  height  of  350  meters  was  found  to  be  six  times 
that  at  the  earth's  level.  This  increase  is  in  itself  not  surprising,  if 
we  remember  that  every  particle  of  dust  raised  from  the  ground  must 
itself  be  negatively  electrified,  and  probably  the  observed  increase  in 
the  electric  force  is  suflSciently  accounted  for  by  the  presence  of  elec- 
trified dust. 

Observations  made  at  greater  heights  in  balloons,  on  the  other  hand, 
seem  clearly  to  indicate  that  this  increase  soon  ceases,  and  that  a 
diminution  already  takes  place  at  moderate  heights.  Thus  the  obser- 
vations of  Dr.  O.  Baschin  (Meteorologische  Zeitschrift,  September, 
1894)  gave  for  the  fall  of  potential  in  volts  per  meter  the  nambers  49, 
28, 13  at  heights  of  760, 2,400, 2,800  meters  respectively,  and  at  a  height 
of  3,000  meters  no  measurable  fall  at  all  could  be  obtained.  These 
observations  were  made  in  clear  weather.  The  balloon  afterwards 
passed  over  a  layer  of  clouds,  and  strong  electric  effects  were  noticed. 
Similar  observations  had  been  previously  made  by  others  (Andrde,  Le 
Cadet,  and  Bornstein),  and  though  the  subject  is  by  no  means  exhausted, 
we  may  take  it  as  provisionally  established  that  the  lines  of  force  of  the 
normal  electric  field  of  the  earth  end  within  the  first  10,000  feet  or 
15,000  feet.  This  result  is  of  great  importance,  for  it  shows  that  in  fine 
weather  there  must  be  a  layer  of  positively  electrified  air  permanently 
above  us.  Currents  of  air  in  this  layer  must  affect  the  field  as  we 
observe  it,  and  possibly  the  daily  period  may  be  due  to  changes  in  the 
currents  of  air  at  a  moderate  height.  A  fact  discovered  by  Exner  is  of 
importance  in  connection  with  this  subject.  Observing  at  three  differ- 
ent places  (in  a  field  close  to  Vienna;  in  St.  Gilgen,  on  the  Wolfgangsee, 
and  on  the  hills  near  Venice),  he  found  that  whenever  there  was  a 
strong  south  wind,  with  a  clear  sky,  the  normal  electric  force  was  always 
increa^sed,  and  sometimes  considerably  (Wiener  Akad.  Sitzungsberichte, 
Vol.  XCVI,  1887). 

The  daily  changes  show,  with  few  exceptions,  a  remarkable  uniformity 
at  different  places.  There  are  in  general  two  maxima  of  potential — 
one  at  8  or  9  o'clock  in  the  morning,  and  one  in  the  evening.  The 
evening  maximum  is  the  most  marked,  while  at  some  places,  and  espe- 
cially near  towns,  the  morning  maximum  disappears.  The  same  gen- 
eral features  of  the  daily  variation  have  been  found  to  hold  at  a  number 
of  European  stations,  at  Cape  Horn,  Melbourne,  and  in  the  Northern 
Arctic  regions.  If  the  variation  is  seiiarated  into  two — one  having  a 
period  of  twenty-four  hours  and  the  other  of  twelve  hours — the  latter 
is  found  to  agree  in  phase  at  widely  different  places  on  the  earth's  sur- 
face, while  the  former  is  found  to  vary  to  a  much  greater  extent,  and 
hence  to  be  probably  more  aftected  by  local  circumstances.  The 
remarkable  researches  of  Hann  have  given  a  similar  result  for  the 


present  in  the  atmosphere  and  the  fall  of  potential  observed  at 
■face  of  the  earth.  If  pa  be  the  pressure  of  aqueous  vapor  pres- 
tentimeters,  Exner  deduces  the  equation  for  electric  force  P 

A  =  1300,  Jfc=  13.1. 

fonnala  agrees  very  well  witli  observations  in  which  the  vapor 
'e  varied  between  0.23  and  0.95,  and  it  is  es]>ecially  to  be 
ed  that  it  is  the  anioant  of  vapor  and  not  the  humidity  which 
ines  the  electric  force.  Observations  made  by  Mr.  E.  Drory 
ajoumey  round  the  world  fit  in  very  well  with  Ezner's  fonnala, 
nervations  made  at  sueh  widely  different  places  as  Suez,  Albany, 
',  Colombo,  and  Fenang  showed  a  fall  of  potential  practically 
)I  with  that  calcnlated  ftx>m  the  above  formula,  though  the  same 
lis  were  taken  and  the  vapor  pressure  varied  between  0.8  cm. 

cm. 

rs.  Julius  Elster  and  Hans  Geitel  (Wiener  Akad.  Sitzuogs- 
B,  Vol.  CI,  1892)  have  followed  up  this  research.    Their  inveati- 

have  shown  a  satisfactory  agreement  with  Exner's  formula,  if 
m  values  of  a  number  of  observations  in  which  the  vapor  pres- 

approximntely  the  same  are  considered.  But  individual  uum- 
fer  very  widely  from  the  mean,  so  that  the  formula  can  not  be 
I  predict  the  normal  fall  of  potential  on  any  particular  day. 
s,  perhaps,  nothing  surprising  in  the  great  divergence  of  such 
ual  results  if  it  is  considered  that  we  only  observe  the  moisture 
e  surface  of  the  earth,  but  are  ignorant  of  the  total  amount  of 
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must  be  drawn  to  the  very  important  indirect  result,  that  there  seems 
to  be  a  connection  between  ultra-violet  radiations  and  theamoaBtof 
aqueous  vapor  present  in  the  air. 

The  phenomena  of  atmospheric  electricity  have  been  studied  at  the 
mountain  observatory  established  on  the  ^'  Sonnblick,"  in  Salzburg,  at 
a  height  of  3,100  meters. 

The  important  result  has  been  established  that  the  electric  force  is 
singularly  constant.  The  great  differences  observed  at  low  level 
between  the  electric  field  in  summer  and  winter,  or  on  dry  and  wet 
days,  seems  to  be  completely  absent,  and  these  facts  tend  to  support 
the  conclusion  derived  from  balloon  observation,  that  the  positive  ends 
of  the  lines  of  force  are  situated  at  a  height  of  something  like  10,000 
feet. 

Brief  allusion  must  be  made  to  some  of  the  causes  which  alter  to  a 
marked  extent  the  normal  fall  of  potential.  As  the  surface  of  the 
earth  is  negatively  electrified,  it  follows  that  dust  carried  up  by  the 
wind  must  be  electrified,  and  it  is  found,  indeed,  that  in  violent  dast 
storms  the  laws  of  force  near  the  surfaces  are  altogether  distorted  and 
reversed  in  direction.  Werner  Siemens  (Pogg.  Ann.,  CIX,  1860; 
Meteorologische  Zeitschrift,  1890,  p.  252)  could,  while  standing  on  the 
top  of  one  of  the  pyramids  during  a  strong  wind,  charge  an  improvised 
Leyden  jar  suflQcieiitly  to  obtain  strong  sparks.  A  casual  observation 
of  Elster  and  Geitel  (Ziele  und  Methoden,  p.  11)  may  prove  significant 
On  March  7, 1889,  the  temperature  in  Wolfeubiittel  was  rising  from— 10^ 
C.  to  +  2°  C,  a  cirrus  layer  covering  the  sky.  The  fall  of  potential 
changed  in  the  course  of  four  hours  from  1,302  volts  per  meter  to  —1,200 
volts — that  is,  from  a  very  exceptionally  high  fall  to  an  equally  strong 
gradient  in  the  other  direction.  Although  the  atmospheric  circum- 
stances were  anomalous,  they  seem  in  themselves  not  sufficient  to 
account  for  the  anomalous  electrical  effects,  and  the  authors  suggest 
that  a  possible  explanation  may  be  found  in  a  violent  dust  storm  which 
on  the  previous  day  was  observed  in  Alexandria. 

Fogs  are  generally  found  to  increase  the  normal  fall  considerably,  so 
that  the  drops  of  water  must  be  taken  as  positively  ele<5trified. 

Waterfalls  considerably  disturb  the  electric  condition  of  the  air  in 
their  neighborhood,  the  air  surrounding  the  fall  being  charged  nega- 
tively, sometimes  to  considerable  distances. 

Whether  clouds  in  themselves  are  always  electrified  is  very  doubtful; 
they  no  doubt  disturb  and  generally  weaken  the  fall  of  potential  at  the 
earth's  surface,  but  this  may  only  be  due  to  a  displacement  of  a  i)08i- 
tivelyelectrified  layer  which  balloon  observations  have  shown  to  exist 
at  a  height  of  from  10,000  feet  to  20,000  feet.  While  a  cloud  discharges 
rain,  the  electrical  effects  in  the  neighborhood  of  the  place  are  the 
same  as  that  in  the  neighborhood  of  a  waterfall.  The  explanation  is 
probably  the  same  in  the  two  cases,  and  by  means  of  experiments, 
alluded  to  farther  on,  we  may  reproduce  the  negative  electrification  of 
air  under  similar  circumstances. 
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MeasnTements  of  the  electrification  of  falling  rain  or  snow,  simple  as 
they  appear  at  first  sight,  are  beset  with  very  serious  difficulty.  We 
owe  the  most  complete  investigation  on  the  point  to  Messrs.  Elster  and 
Geitel  (Wiener  Sitzungsberichte,  Vol.  XCIX,  1890).  They  find  no 
regalarity  in  the  electrification,  though  positive  signs  slightly  prepon- 
derate with  snow  and  negative  signs  with  rain. 

The  approach  of  a  thunderstorm  announces  itself  by  characteristic 
camuli  clonds,  and  the  general  atmospheric  condition  favorable  to  their 
formation  is  felt  by  many  persons  of  nervous  temperament.    Many  of 
us  are  accustomed  to  hear  that  "there  is  thunder  in  the  air.''    What- 
ever the  special  feeling  of  "thunder"  may  be  due  to,  it  can  not  be  an 
electrical  effect,  for  electrical  instruments  delicate  enough  to  detect  a 
small  fraction  of  the  normal  force,  give  no  indications  of  the  approach 
of  a  thonderstorm,  and  it  is  only  when  the  cloud  has  begun  to  dis- 
charge rain  or  hail  that  strong  electrical  efiects  are  noticed.    During 
the  thunderstorm  the  electroscope  is,  of  course,  much  disturbed,  and 
there  are  ft'eqnent  and  violent  reversals  of  its  indications.'    The  fact 
that  no  effects  are  observed  at  the  surface  of  the  earth  during  the 
approach  of  a  thundercloud  does  not  prove  that  there  is  no  electrical 
separation,  for  we  may  imagine  two  opi)ositcIy  electric  layers  at  different 
levels  producing  a  strong  electric  field  between  them,  but  only  weak 
effects  outside.    That  some  such  things  may  possibly  occur  is  indicated 
bv  observations  made  in  mountain  districts,  where  violent  electrical 
disturbances  are  observed  previous  to  the  formation  of  clouds  (Trabert, 
Meteorologische  Zeitschrift,  1889,  p.  342).    The  cumulus  cloud,  from 
which  the  lightning  strikes  out,  is  nearly  always  associated  with  a 
cirrus  layer  above  it,  and  the  flash  occurs  more  frequently  upward  or 
sideward  between  the  clouds  than  down  to  earth.    Under  such  cir- 
cumstances it  is  clear  that  instruments  on  the  surface  of  the  earth  can 
only  very  partially  indicate  the  nature  and  distribution  of  electrical 
stress  in  the  neighborhood  of  the  cloud. 

Thunderstorms  seem  always  to  be  connected  with  a  vortex  motion, 
and  meteorologists  distinguish  two  Jvinds  of  thunderstorms.  The  first 
kind  forms  in  the  outlying  portions  of  a  large  cyclonic  system.  The 
stcvms  which  occur  in  winter  are  mostly  of  this  nature,  and  the  vortex 
necessary  for  its  formation  is  of  the  nature  of  a  secondary  disturbance. 
The  thunderstorm  which  forms  in  summer,  on  the  other  hand,  makes 
its  own  vortex,  and  is  of  a  much  more  local  character  than  that  which 
is  produced  round  a  previously  established  barometric  depression.  The 
summer  storm  is  much  influenced  by  the  character  of  a  district.  There 
are  certain  configurations  apparently  favorable  to  its  formation,  as  is 
clearly  brought  out  by  the  charts  which  have  been  made  representing 
their  frequency. 

The  route  traveled  over  by  the  storm  is  affected  by  mountain  ridges, 
aod  rivers  also  seem  to  offer  a  peculiar  impediment.    Many  of  them 


*  Weber  £lektroteohni8che  Zeitschrift,  Vol.  X;  Elster  nncl  Geitel,  **  Ueber  eluige 
Zitkand  if«thod«n  InftelektrJacber  UatenucbuugeD,"  Wolfen battel,  1891. 
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are  brought  to  an  end  either  along  their  whole  front,  or  only  part  of 
it,  when  they  reach  the  banks  of  a  large  river.* 

Some  carious  problems  are  presented  by  the  detailed  structoie  of 
lightning  flashes.  Although  these  lie  outside  the  range  of  the  present 
lecture,  reference  must  be  made  to  the  very  beautiful  photographs  of 
lightning  flashes  taken  both  in  this  country  and  abroad.  The  ordinary 
forms  which  lightning  takes  are  familiar  to  all,  but  a  good  deal  of 
mystery  still  surrounds  the  so-called  globular  lightning.  The  manner 
in  which  this  form  appears  is  best  described  in  the  words  of  eye- 
witnesses. 

Dr.  A.  Wartmann  gives  to  the  Physical  Society  of  Geneva  the  fol- 
lowing account  of  what  he  saw:^ 

"At  half-past  6  o'clock  in  the  evening  I  drove  from  Yersoix  to  Gen- 
thoud.  On  the  Malagny  road  I  heard  the  coachman  say  he  did  not 
know  where  he  was.  Bis  eyes  were  so  much  fatigued  by  the  freqaent 
and  intense  lightning  discharges  that  he  was  blinded  and  could  not, 
even  in  the  intervals,  see  the  road,  in  spite  of  the  good  lanterns  along- 
side. I  stepped  on  to  the  box  and  took  the  reins.  We  had  barely 
passed  the  principal  gate  of  the  grounds  of  Dr.  Marcet  when  I  became 
conscious  of  a  bright  and  lasting  luminosity  behind  me.  Thinking  it 
was  a  fire,  I  turned  round,  and  saw,  at  a  distance  of,  roughly,  300  meters, 
a  ball  of  fire  of  about  40cm.  diameter.  It  traveled  in  our  direction  with 
a  velocity  about  equal  to  that  of  a  bird  of  prey,  and  left  no  luminoas 
trail  behind.  Just  as  the  ball  had  overtaken  us,  about  24  meters  to  oar 
right,  it  burst  with  a  terrific  noise,  and  it  seemed  to  me  as  if  lines  of 
fire  started  from  it.  We  felt  a  violent  shaking,  and  remained  blinded 
a  few  seconds.  As  soon  as  I  regained  power  of  distinguishing  objects 
I  saw  that  the  horses  had  turned  at  a  right  angle  to  the  carriage,  with 
their  chests  in  the  hedge,  with  drooping  ears  and  all  signs  of  great  ter- 
ror. I  returned  on  the  following  day  to  the  place  where  I  had  seen  the 
ball  explode,  but  could  find  no  sign  of  any  damage.  At  a  distance  of 
100  meters  I  found  that  a  group  of  three  trees,  bordering  a  wood,  had 
their  upper  branches  singed,  but  it  is  not  possible  to  say  whether  tiiis 
was  due  to  the  discharge  which  I  had  seen.'' 

The  following  is  a  translation  of  an  account  given  by  Mr.  H.  W.  Roth 
(Meteorologische  Zeitschrift,  1889,  p.  231) : 

^^  During  the  thunderstorm  of  May  19^  1888,  at  about  6  p.  m.,  a  flash 
of  lightning  took  e&eat  which  seems  to  me  remarkable  from  a  physio- 
logical point  of  view.  The  dealer  Werner,  from  Ellerbruch,  and  his  son 
(16  years  old),  with  a  one-horse  conveyance  containing  rags,  were  on 
the  road  which  leads  from  here  to  the  village  of  Ottensen,  about  3  miles 
away  in  a  southwesterly  direction.  The  father  had  been  left  a  little 
behind,  and  the  son  was  occupied  in  giving  bread  to  the  horses,  when 
he  found  himself  suddenly  surrounded  by  light,  and  noticed  a  fiery  ball, 
about  the  size  of  his  fist,  moving  toward  him  along  the  back  of  the 
horse.  Then  he  lost  consciousness.  lie  felt  no  concussion.  The  father, 
on  approaching,  saw  the  horse's  limbs  still  contracting,  and  at  first  he 
thought  his  son  was  dead,  but  succeeded,  after  considerable  efforts,  in 
bringing  him  back  to  life  in  about  three-quarters  of  an  hour.  The  horse 
was  dead." 

^  Bebber,  "  Meteorologie/'  p.  255;  BornsU'in,  Archiv  der  Seewarte,  VlII,  1885. 
=  Arch,  des  Sci.  Phys.  et  Nat.  (3)  Vol.  XXI,  1889.    The  above  aoconut  is  translated 
from  the  Meteorologische  Zeitschrift,  1889. 
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Some  carious  statistics  have  been  collected,  especially  in  Germany, 
as  to  the  damage  done  by  lightning  flashes.  That  damage  seems  to 
have  increased  to  an  enormous  extent  within  the  last  fifty  years,  and 
although  in  cases  of  this  kind  statistics  may  easily  be  at  faulty  there 
seems  no  doubt  about  the  reality  of  the  fact,  which  may  find  an  expla^ 
nation  in  the  partial  cutting  down  of  forests  in  those  parts  where 
thunderstorms  chiefly  occur.  When  lightning  strikes  into  forests,  it 
selects  certain  trees  by  preference.  Thus^  in  the  principality  of  Lippe, 
taking  the  i)ercentage  of  beeches  struck  by  lightning  ad  unity,  that 
for  other  trees  is  as  follows:  Oak,  48;  spruce  flr,  5;  Scotch  fir,  33. 

The  Sti  Elmo's  fire,  a  continuous  discharge  from  points  and  sharp 
angles,  is  often  observed  on  board  ship  and  in  mountain  districts  during 
a  storm.  Its  appearance  was  considered  a  sign  of  the  approaching  end 
of  the  lightning,  and  was  looked  upon  with  favor  by  the  ancient  sailors 
in  the  Mediterranean  Sea,  who  gave  to  it  the  name  of  Castor  and 
Pollux.  There  was  another  appearance  called  Helena,  a  bad  omen, 
which  by  many  is  believed  to  have  been  another  form  of  the  St.  Elmo's 
fire,  and  the  present  name  has  been  stated  to  be  a  corruption  of  the 
word  Helena.  Some  support  is  given  to  this  view  by  the  fact  that  the 
Emperor  Constantine  built  a  castle  in  the  Pyrenees,  which  he  named 
after  his  mother,  Helena,  and  this  castle  seems  to  be  referred  to  occa- 
sionally as  St.  Elne  or  St.  Elme.  But  it  is  much  more  probable,  as 
argued  by  Dr.  F.  Piper  (Pogg.  Ann.,  Vol.  LXXXII,  p.  317),  that  the 
word  is  derived  from  St.  Erasmo,  a  bishop  who  came  from  Antiochia, 
and  suffered  a  martyr's  death  at  the  beginning  of  the  fourth  century. 
He  seems  to  have  been  specially  considered  the  patron  of  Italian  sailors. 
Churches  and  castles  in  Naples  and  Malta  were  called  St.  Erasmo  and 
St  Ernio,  and  Ariosto  describes  St.  Elmo's  fires  as  St.  Ermo's  fires. 
The  electric  discharge  which  goes  under  this  name  has  a  different 
appearance  according  as  it  is  the  positive  or  negative  electricity  which 
escai>e8,  and  both  kinds  occur  with  about  equal  frequency. 

Although  we  have  not  yet  arrived  at  any  satisfactory  theory  of 
atmospheric  electricity,  some  progress  has  been  made,  and  this  account 
would  not  be  complete  without  a  short  account  of  the  views  taken  by 
men  of  science  on  the  subject.  The  number  of  theories  proposed  is 
very  considerable.  Dr.  Suchsland,^  in  a  pamphlet  published  in  1886, 
gives  an  account  of  twenty -four,  to  which  he  adds  one — ^his  own.  The 
year  1884  alone  has  given  birth  to  four  theories. 

We  may  group  the  theories  according  to  the  origin  they  assign  to 
the  source  of  energy  which  is  involved  in  the  formation  of  the  electric 
field.  All  the  work  we  can  perform  is  either  derived  from  the  sun  or 
from  the  earth's  rotation.  There  is,  as  far  as  I  know,  only  one  theory — 
that  of  Edlund — which  makes  the  earth's  rotiition  in  space  responsible 
for  the  separation  of  electricities  in  the  atmosphere.  But  Edlund's 
views  are  not  tenable  in  theory,  and,  even  granting  his  deductions,  the 


' "  Die  gemeinschaftliche  Ursache  der   el^ktrischen   Meteore  iiud  des  Hagels,'' 
H.  W.  Schmidt,  Halle-a.-8. 
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normal  fall  of  potential  shoald,  according  to  the  views  of  the  aaUior, 
have  a  different  sign  in  the  x)olar  and  equatorial  regions,  which  is  con- 
trary to  the  observed  fact.  This  theory  does  not,  however,  exhaust 
the  possibility  of  explaining  atmospheric  electricity  as  a  phenomenon 
of  electromagnetic  induction,  and  it  is  not  disproved  that  in  some  form 
or  other  the  rotation  of  the  earth's  magnetic  field  may  play  a  part  in 
the  origin  of  the  electric  field.  The  theories  which  take  solar  radiation 
as  the  source  of  the  energy  divide  themselves  into  several  groups. 
We  may  think  of  a  direct  thermoelectric  or  actinic  action,  but  there 
is,  so  far,  no  experimental  support  to  such  views.  One  of  the  earliest 
and  most  natural  suppositions  is  the  belief  in  evaporation  as  a  source 
of  electrification.  This  was  Volta's  theory,  and  experiments  have  at 
various  times  been  produced  in  its  support;  but  so  far  no  one  has  been 
able  to  invalidate  Faraday's  conclusion  that  whenever  electrification 
seemed  to  appear  as  a  consequence  of  evaporation,  it  was  really  dae 
to  secondary  causes,  such  as  the  friction  of  the  liquid  spray  against 
the  sides  of  the  containing  vessel.  Eejecting  Yolta's  theory,  there  u 
nothing  left  but  the  belief  in  some  form  of  contact  or  frictional  elec- 
tricity either  between  drops  of  water  and  air  or  water  and  ice,  or  any 
two  of  the  various  bodies  present  in  the  atmosphere.  The  possibility 
of  contact  electricity  between  a  solid  or  liquid  and  a  gas  is  not  qaite 
easy  to  submit  to  the  test  of  experiment.  If  we  rub  two  solid  bodies 
together,  we  may,  by  separating  them,  investigate  the  electric  field 
produced;  but,  supposing  we  have  a  drop  of  water  surrounded  on  all 
sides  by  air,  the  water  may  be  covered  with  an  electric  layer  of,  say, 
positive  electricity,  the  air  in  contact  with  the  water  with  the  opposite 
kind,  and  it  is  not  at  all  clear  how  we  could  experimentally  demonstrate 
the  difference  of  potential  between  the  air  and  the  drop  which  is  thns 
produced.  A  current  of  air  flowing  past  the  drop  might  carry  away 
some  of  the  negative  layer,  and  in  this  way  an  electric  field  may  be 
established  while  clouds  are  forming,  but  the  conditions  necessary  for 
an  experimental  demonstration  would  be  very  difficult  to  realize.  Two 
methods  have  been  devised  which  i)ractically  demonstrate  some  form 
of  conta'Ct  electricity  between  gases  and  water. 

Lenard,  wishing  to  imitate  the  electric  field  observed  in  the  neigh- 
borhood of  waterfalls,  has  established  by  careful  experiment  a  number 
of  imx)ortant  facts,  which  are  all  consistent  with  the  following  explana 
tion.  If  we  imagine  two  oppositely  electrified  layers  at  the  surface  of 
a  drop  of  water  such  as  has  been  referred  to,  and  if  the  drop  falls  on  to 
a  layer  of  the  same  liquid,  or  if  similar  drops  impinge  on  each  other, 
the  difl'erence  of  potential  produced  by  the  fusion  of  the  surface  layers 
becomes  greater  than  is  consistent  with  equilibrium.  For,  taking  the 
case  of  drops  falling  into  a  mass  of  water  contained  in  a  cylindrical 
vessel,  the  extent  of  surface  between  air  and  water  is  not  increased 
by  the  falling  drops,  and  we  must  imagine  that  surface  to  be  already 
covered  with  a  sufficient  electrical  sheet  to  establish  the  required  dif- 
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B  of  potential.  The  electrification  of  the  drops  is,  therefore,  not 
1,  and  a  change  in  the  distribution  takes  place.  The  natural 
dtion  would  be  that  this  equilibrium  would  be  restored  very 
Y  through  the  surface  of  the  water,  but  a  certain  time  seems  to 
uired  for  this.  Meanwhile,  the  strong  current  of  air  which  in 
Ts  exx>eriment8  is  brought  down  with  the  water  drops  carry  some 

electricity  away,  the  water  remaining  positive.  More  recent 
ments  of  Lord  Kelvin's,  with  air  bubbling  through  water,  point 
rly  to  contact  forces  between  gases  and  liquids,  and  in  these 
ments  also  it  appears  that  a  considerable  time  is  required  to 
Lsh  electric  equilibrium  between  a  gas  and  a  solid.  Lenard  finds 
nportant  differences  caused  by  small  impurities  in  the  water,  the 
acting  much  more  strongly  when  it  is  pure.  If  it  contains  as 
salt  as  is  contained  in  the  sea,  the  effect  is  reversed,  and  the  air 
es  iK>sitively  electrified.  The  explanation  which  is  given  above 
^tically  that  of  Lenard,  whose  observations  have  been  confirmed 
LTther  extended  by  Prof.  J.  J.  Thomson.  These  experiments,  no 
,  account  for  the  behavior  of  air  in  the  neighborhood  of  water- 
ind  they  probably  also  explain  the  negative  electrification  of  air 

neighborhood  of  districts  in  which  rain  is  falling.  The  strong 
7e  electrification  of  mist  may  also  be  due  to  the  same  cause. 
re  seems  to  be  no  doubt  that  the  formation  of  a  cloud  is  'often 
ipanied  by  electrical  effects.  A  few  years  ago,  descending  from 
»ent  Blanche,  I  found  myself,  after  sunset,  at  a  height  of  about 
>  feet.  A  current  of  air  was  apparently  blowing  uj)  the  valley 
L  stretches  from  Evolena  toward  Ferpecle,  and  I  could  observe  a 

condensing  below  me  at  a  height  a  little  below  the  snow  line. 
ght  came  on  and  we  continued  our  descent  over  the  glacier  and 

the  valley,  a  series  of  electric  discharges  were  noticed  between 
oudy  which  was  lying  in  a  deep-cut  valley,  the  sides  of  the  moun- 
and  the  blue  sky  overhead.  Here  the  moist  air  was  evidently 
oiing  through  the  cloud,  depositing  its  moisture  in  the  form  of 
\j  and  it  seemed  the  most  natural  explanation  at  the  time  that  the 
ft  the  cloud  in  an  electrified  state, 
t  while  by  means  of  experiments  we  have  been  able  to  produce 

of  the  phenomena  of  atmospheric  electricity,  we  have  other 
rtant  effects  which  can  not  be  accounted  for  in  so  simple  a  way. 
ilectric  discharges  during  a  thunderstorm  give  evidence  of  electric 

which  could  hardly  be  explained  by  contact  electricity  between 

of  water  and  air  alone.  The  fact  that  thunderstorms  are  nearly 
'8  connected  with  the  formation  of  hail,  and  Faraday's  exx)eri- 
\  showing  that  water  rubbing  against  ice  becomes  negatively  elec- 
ly  is  made  use  of  in  the  theories  of  Sohnke  and  Luvini.  It  is  quite 
that  there  is  some  truth  in  these  theories.    Their  weak  point  lies 

difficulty  of  seeing  how  particles  of  ice  and  water  can  be  first 
;ntly  mixed  to  allow  of  friction,  and  then  become  sufficiently 
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separated  to  prodace  an  electric  field  of  such  magnitade  as  we  know 
inast  exist  iu  a  thundercloud. 

It  is  to  be  remarked,  however,  that  the  laws  of  contact  electricity 
must  be  applicable  to  gases  as  well  as  to  solids,  and  that  if  water 
becomes  positive  when  rubbing  against  air,  and  negative  when  rubbing 
against  ice,  there  must  be  a  strong  contact  difierence  between  ice  and 
air.  In  other  words,  it  does  not  matter  whether  there  is  direct  friction 
between  ice  and  water,  or  whether  the  air  forms  an  intermediate  body. 
We  may  imagine  air  rising  through  a  cloud  containing  drops  of  water 
negatively  electrified,  and  then  passing  through  an  ice  cloud  having 
its  negative  electricity  increased,  thus  leaving  the  ice  and  water  par- 
ticles at  a  difference  of  potential  which  may,  by  a  fusion  of  the  drops, 
increase  sufficiently  to  produce  a  lightning  discharge.  This  seems  to 
me  the  most  plausible  theory  which,  in  the  present  state  of  our  knowl- 
edge, can  be  formed.  As  regards  the  permanent  negative  charge  of 
the  earth's  surface,  the  time  has  not  yet  arrived  for  forming  a  definite 
opinion.  Although  we  know  that  the  earth,  once  electrified,  would 
gradually  lose  its  charge  into  the  atmosphere,  yet  we  can  express  no 
opinion  as  to  the  rate  at  which  the  loss  is  going  on.  That  loss  may 
be  exceedingly  slow,  and  consequently  equilibrium  might  be  attained 
by  a  very  small  preponderance  of  negative  electricity  brought  back  to 
its  surface  through  some  cause  or  other.  Bain,  as  has  already  been 
mentioned,  is  more  frequently  electrified  negatively  than  iK)sitively  in 
our  own  climate,  and  though  we  do  not  know  how  far  this  holds  in  the 
tropical  belt,  it  is  at  any  rate  possible  that  the  surface  of  the  earth  may 
in  this  way  alone  make  up  for  the  loss.  We  may  also  reasonably  think 
that  Lenard's  observation  on  salt  water  may  account  for  the  permanent 
charge.  Every  wave  that  breaks  into  spray  under  the  action  of  a 
strong  wind  would  leave  the  water  negatively  electrified,  the  air  carry- 
ing away  the  positive  charge.  It  would  be  of  great  interest  to  possess 
observations  on  atmospheric  electricity  on  board  ship  while  waves  are 
breaking  iu  the  neighborhood.  So  far  we  have  only  Exner's  observa- 
tions to  guide  us,  who  found,  while  observing  at  Lavinia,  in  Ceylon, 
that  the  spray  from  breaking  waves  affected  the  indications  of  the 
electrometer,  proving  its  positive  electrification  (Wiener  Akad.  Sit- 
jsungsberichte,  Vol.  XCVIII). 

But  although  the  loss  of  electricity  from  the  earth's  surface  may  be 
very  slow,  it  is  equally  possible  that  it  is  considerable.  We  shall  not 
be  able  to  treat  this  question  satisfactorily  until  we  have  some  clearer 
notion  of  the  causes  of  the  aurora.  We  know  that  the  aurora  implies 
electric  currents,  and  the  circuit  of  these  currents  may  lie  completely 
within  the  earth's  atmosphere,  and  have  nothing  to  do  with  the  observed 
fall  of  potential  near  the  ground.  It  is  also  i)ossible  that  the  body  of 
the  earth  forms  part  of  the  electric  circuit,  and  if  that  is  the  case, 
there  must  be  across  different  parts  of  the  surface  an  outward  and 
inward  flow  of  positive  electricity.    Such  a  discharjgfe  could  pot  fail  to 
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influence  the  phenomeua  we  have  discussed,  and  it  seems  probable  that 
we  should  have  some  evidence  derived  from  observation  if  the  aurora 
was  always  accompanied  by  discharges  through  the  earth's  surface. 
Except  in  the  polar  regions,  these  auror®  do  not  seem  to  affect  the 
normal  fall  of  potential.  There  is  a  third  view  we  may  take  as  to  the 
circulation  of  electric  currents  indicated  by  the  aurora — ^the  return  cur- 
rent may  take  place  in  space  oatside  the  earth's  atmosphere.  A  good 
deal  might  be  said  in  favor  of  this  view,  and  the  rotation  of  the  earth's 
magnetic  field  in  space  might  be  a  sufficient  cause  for  the  production 
of  these  currents;  but  this  is  not  the  place  to  enter  further  into  this 
question. 

Calculations  made  from  observation  on  the  height  of  the  aurora  have 
generally  resulted  in  an  altitude  of  from  100  to  200  miles,  except  in  the 
polar  regions,  where  the  aurora  seems  occasionally  to  desi;end  to  a 
much  lower  level.  It  has  also  been  noticed  that  aurora)  are  associated 
with  certain  bands  of  cirrus  clouds,  and  this  seems  to  indicate  that 
although  the  luminous  phenomena  is  sufficiently  intense  to  be  observed 
at  only  great  heights,  yet  the  electric  phenomena  may  descend  to  the 
level  of  the  cirrus. 

As  regards  the  connection  between  the  aurora  and  the  sun-spot 
period,  further  observations  in  the  polar  regions  are  needed.  On  the 
one  band,  we  have  Paulsen's^  statement,  derived  from  observations  in 
Greenland,  to  the  effect  that  the  greatest  number  of  auroruB  are  seen 
when  sun  spots  are  at  their  minimum — ^that  is,  at  a  time  when  in  our 
own  latitudes  the  number  is  smallest;  and,  on  the  other  hand,  we  have 
Nordenskiold's  observations,  which  seem  to  point  in  the  opposite  direc- 
tion. In  a  publication  which  contains  much  important  matter  on  the 
geographical  distribution  and  form  of  the  aurora  borealis,  Nordenskiold 
contrasts  the  appearances  he  has  observed  in  the  Vega  during  the 
winter  of  1878-79,  passed  in  the  Bering  Straits,  with  that  previously 
observed  in  1872-73  to  the  north  of  Spitzbergen.  According  to  this 
author,  the  aurorae,  during  the  minimum  sun-spot  period  in  1878-79, 
were  *'  hardly  worthy  of  his  notice  by  the  side  of  those  observed  in 
1872-73."  But  although  only  faintly  luminous,  the  aurora?  of  1879  were 
persistent  and  regular  in  shax>e.  They  did  not  affect  the  magnetic  field, 
and  seemed  to  show  a  regular  and  continuous,  though  weak,  electric 
discharge.  The  arc  and  streamers  in  1872  were  much  more  brilliant 
and  much  more  irregular.  Some  objection  may  be  raised  against  these 
observations,  in  so  far  as  they  refer  to  different  places,  and  local  cir- 
cumstances may  have  affected  the  phenomenon;  but,  in  the  face  of  the 
very  careful  description  he  gives  us,  we  can  not  as  yet  a(*cei)t  Paulsen's 
results  without  further  confirmation. 

The  problem  of  atmospheric  electricity,  like  that  of  terrestrial  mag- 
netism, presents  special  features  in  the  arctic  regions,  and  until  we 


'PsuImd,  ''Danske  Videnskab.  Selskabs  Forhand./' 1889.  (I  have  not  seen  the 
ori^nal  memoir,  but  only  an  abstract  in  the  Jahrbncb  der  Astronomie  nnd 
Geophjrsik,  1890.} 
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possess  a  greater  number  of  observations  in  those  little  accessible  parts 
of  the  eartli's  surface,  many  important  problems  can  not  be  satisfac- 
torily solved.  Arctic  and  antarctic  expeditions  are  of  interest  to  scien- 
tific men,  not  because  they  care  much  whether  we  get  a  few  milee 
nearer  the  pole,  but  because  a  well-conducted  party  collects  invaluable 
information  on  its  journey.  Although  much  remains  to  be  done  in  the 
regions  surrounding  the  north  magnetic  pole,  our  knowledge  in  the 
southern  hemisphere  is  almost  disgracefully  inadequate,  and  it  is  to  be 
hoped  that  before  long  a  well-equipped  expedition  may  fill  up  to  a  cer- 
tain extent  the  large  gaps  in  our  electrical  and  magnetical  knowledge 
which  at  present  stop  so  many  of  our  researches. 

But  although  investigations  to  be  conducted  in  the  arctic  regions  are 
of  primary  importance,  we  may  do  much  nearer  home  in  extending  and 
completing  existing  information.  Instrumental  appliances  and  meth- 
ods of  observation,  originally  put  into  a  satisfactory  state  by  Lord 
Kelvin,  have  been  improved,  especially  by  Mascart,  Exner,  Elster,  and 
Geitel.  One  of  our  most  crying  wants  at  present  is  a  series  of  contin- 
uous observations  by  means  of  self-registering  instruments  in  places 
where  the  neighborhood  of  a  town  or  other  local  circumstances  do  not 
interfere  with  the  normal  changes.  The  Greenwich  Observatory,  to 
which  we  look  for  help  in  such  matters,  is  placed  in  the  difficulty  that 
the  daily  variations  there  observed  are  markedly  different  from  those 
in  the  majority  of  places,  and  it  is  probable  that  the  nearness  of  Lon- 
don is  fatal  to  any  generally  useful  series  of  observations  of  atmosphenc 
electricity  being  conducted  in  our  national  observatory. 
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By  Etteiok  W.  Creak. 


If  necessity  be  the  surest  prompter  of  invention,  it  is  not  too  mnch 
>  say  that  the  necessity  of  the  navigator  has  been  a  most  potent  factor 
1  producing  the  observer  of  the  elements  of  terrestrial  magnetism. 
he  traveler  on  land  might  rest  during  darkness  until  daylight  enabled 
jm  to  resume  his  journey;  but  the  seaman  on  the  trackless  ocean  was 
lex)endent  ui>on  the  indications  of  his  compass  by  day  and  night;  and 
ifter  the  discovery  of  Columbus  that  the  magnetic  declination  or  varia- 
ion  of  the  needle  from  the  direction  of  the  geographical  north  varied 
n  amount  with  the  latitude  and  longitude,  a  new  impetus  was  given 
to  observation. 

The  publication  of  Gilbert's  grand  discovery  that  the  earth  is  a 
magnet  and  the  director  of  the  freely  suspended  needle,  followed  by  the 
iiscovery  of  the  secular  change  in  the  value  of  the  declination,  natur- 
lUy  added  to  the  desire  of  both  landsmen  and  seamen  to  know  as 
uuch  as  x^ossible  concerning  that  great  magnet,  both  from  purely 
scientific  reasons  and  to  meet  the  practical  ends  of  the  navigator. 
rhus  the  seventeenth  and  eighteenth  centuries  were  remarkable  for 
the  number  of  observers  both  of  the  magnetic  dip  and  declination. 

So  important  had  a  correct  knowledge  of  the  declination  become  to 
the  requirements  of  navigation,  as  early  as  the  close  of  the  seventeenth 
sentory,  that  Halley,  under  the  immediate  auspices  of  the  Government, 
made  his  celebrated  voyage  over  the  Atlantic  Ocean  in  a  man-of-war, 
In  order  that  intelligent  observation  should  set  at  rest  much  that  was 
ioubtfnl.  The  results  of  this  voyage,  combined  with  the  observations 
)f  previous  navigators,  were  embodied  in  his  celebrated  chart  of  lines  of 
iMjual  value  of  magnetic  variation  or  declination,  the  first  of  its  kind 
uid  of  so  convenient  a  form  that  charts  of  equal  values  of  the  three 
nagnetic  elements  are  to  this  day  the  most  acceptable  form  for  repre- 
Knting  the  combined  results  of  magnetic  observations  made  over  large 
ffeas  of  sea  and  land,  as  well  as  of  the  special  magnetic  surveys  which 
n  recent  years  have  been  made  in  various  countries. 

>  From  Science  Progress,  Vol.  V,  No.  26,  April,  1896. 
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Here  we  may  pause  to  consider  the  word  declination  as  applied  to  the 
angle  which  the  direction  of  the  horizontal  magnetic  needle  makes  ^ith 
the  true  meridian.  Many  magneticians  object  to  the  word,  bat  no  bet- 
ter has  yet  been  proposed,  or  at  any  rate  accepted ;  the  result  being  that 
while  observers  on  laud  use  the  term,  seamen  adhere  firmly  to  the  expre^ 
sion  ^^  variation  of  the  compass."  This  is  as  might  be  expected,  when 
it  is  remembered  that  navigators  look  upon  the  word  declination  as  con- 
nected with  the  x)osition  of  the  sun  and  other  heavenly  bodies,  and 
would  find  it  most  inconvenient  to  have  the  same  word  in  daily  use, 
meaning  two  totally  difierent  things. 

During  the  eighteenth  century  charts  of  the  magnetic  declination 
were  published  by  Mountaine  and  Dodson,  Bellin,  and  Churt^hman,  and 
for  their  time  may  be  considered  as  fair  approximations  to  the  tnith. 
Churchman's  design  was  not  only  to  give  values  of  the  declination  bat 
to  furnish  the  seaman  with  a  means  of  ascertaining  the  longitude — an 
ambitious  project,  especially  as  we  now  know  there  were  probably  con- 
siderable elements  of  error  in  these  charts,  caused  by  local  magnetic 
disturbance  of  the  observing  compass  on  land,  and  from  the  iron  used 
in  construction  disturbing  the  compass  on  board  the  ships. 

This  latter  source  of  error  was  only  beginning  to  be  viewed  in  its 
true  light  at  the  close  of  the  eighteenth  century. 

In  the  years  1801-1802  Commander  Flinders  of  H.  M.  S.  Investigator^ 
then  surveying  the  southern  coasts  of  Australia,  found  that  when  his 
vessel's  head  was  north  or  south  by  compass  the  observed  declination 
agreed  very  nearly,  but  when  she  lay  with  her  head  east  or  west,  it  dif- 
fered largely.  Moreover  these  errors  on  the  east  and  west  x>oint8  of  the 
compass  had  the  opposite  sign  to  those  observed  in  England. 

Flinders,  however,  had  supplemented  the  existing  scanty  knowledge 
of  the  distribution  of  the  dip  over  navigable  waters  by  several  observa- 
tions of  his  own  in  northern  and  southern  latitudes,  and  from  these  he 
drew  the  conclusion  that  the  errors  in  the  declination  observed  on  board 
ship  were  caused  by  magnetism  induced  by  the  earth  in  the  vertical 
iron  of  the  ship,  and  changed  in  value  proportionally  to  change  of  dip. 
Here  Flinders  was  wrong,  as  the  errors  were  really  proportional  to  the 
tangent  of  the  dip. 

In  spite  of  this  mistake  he  was  enabled,  from  his  knowledge  of  the 
dip,  to  c(mceive  the  idea  of  so  placing  vertical  bars  of  iron  that  they 
produced  an  equal  and  opposite  effect  on  the  compass  to  that  of  the 
shii)  in  all  latitudes,  and  thus  invented  what  is  now  called  the  Flinders 
bar,  one  of  the  most  important  correctors  of  compass  disturbance  in 
the  iron  and  steel  ships  of  the  present  day. 

In  1814  Flinders  induced  the  Admiralty  to  have  exi)eriments  made 
on  board  men-of-war  at  Portsmouth,  Sheerness,  and  Devonport,  to 
as(;ertain  the  amount  of  the  magnetic  disturbance  of  the  compass 
caused  by  the  iron  in  each  ship.  The  chief  reason  for  making  these 
experiments  was  to  show  the  necessity  for  ascertaining  and  applying 
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these  errors  to  insure  the  safe  navigation  of  the  ships,  but  it  had  also  a 
direct  bearing  in  enabling  observers  to  eliminate  the  hitherto  inexpli- 
cable divergencies  in  the  values  of  the  declination  observed  in  different 
ships  in  the  same  geographical  position.  The  results  of  these  experi- 
ments bore  no  immediate  fruit,  for  with  the  death  of  Flinders  the  sub- 
ject was  temporarily  neglected. 

In  1819,  Hansteen  published  his  Magnetismus  der  Erde  with  an  atlas 
containing  charts  pf  the  elements  declination  and  dip  for  different 
epochs  between  the  years  1600  and  1787.  These  charts  were  in  a  large 
measure  compileil  from  observations  made  with  imperfect  instruments 
and  subject  to  the  causes  of  error  already  mentioned  attending  both 
land  and  sea  results.  Ilansteen,  however,  considered  them  of  sufficient 
value  to  enable  him  to  draw  certain  important  conclusions  with  regard 
to  the  cause  of  the  secular  change  of  the  magnetic  elements.  Thus,  he 
not  only  concurred  with  Halley  that  the  earth,  considered  as  a  magnet, 
had  four  poles  or  points  of  attraction,  but  computed  their  geographical 
positions.  Further  than  this,  he  computed  that  to  account  for  the 
secular  change  these  four  supposed  poles  revolved  round  the  terres- 
trial x>oles,  each  x>ole  occupying  a  widely  different  number  of  years  to 
complete  the  revolution. 

If  these  theoretical  results  had  been  true,  a  great  advance  would 
have  been  made  not  only  in  the  science  of  terrestrial  magnetism  but 
in  its  practical  bearing  on  the  requirements  of  the  present  day. 

Although  Humboldt  had  about  the  year  1800  shown  that  the  intensity 
cf  the  earth's  magnetism  varied  with  the  latitude,  the  general  distribu- 
tion of  that  magnetic  element  was  so  little  known  that  we  may  witk 
our  present  extended  knowledge  consider  that  Hansteen's  conclusions 
were  based  on  insufficient  data.  In  fact  the  idea  of  the  earth  being  a 
magnet  with  four  iK)les  has  long  since  been  abandoned  in  favor  of  there 
being  one  i>ole  with  two  foci  of  intensity  in  each  hemisphere,  and 
reasons  will  be  given  further  on  which  tend  to  throw  doubt  on  there 
being  any  revolution  of  these  two  magnetic  poles  round  their  adjacent 
terrestrial  poles. 

Subsequently  to  Hansteeu's  charts  there  appeared  those  of  the 
declination  by  Yeates,  Duperrey,  and  by  Barlow  in  1836.  These  were 
useful  to  navigation,  but  helped  very  little  toward  the  solution  of  the 
problem  of  the  ever  variable  distribution  of  the  earth's  magnetism. 

Besides  this,  by  the  year  1835  the  iron-built  ship  had  appeared  on  the 
ocean,  and  a  correct  knowledge  of  the  three  magnetic  elements  became 
a  necessity  in  solving  the  problems  which  the  magnetism  of  different 
iron  ships  presented. 

With  Gauss's  invention  of  the  absolute  horizontal  force  magneto- 
meter in  1833,  many  hitherto  unknown  movements  of  the  magnetic 
needle  of  the  highest  interest  were  discovered,  wliich  with  the  coarser 
instruments  previously  in  use  lay  concealed.  This  discovery  gave  the 
desired  impetus  to  the  scientific  men  of  that  epoch,  and  the  period 
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included  in  the  years  1835-1845  was  ^'a  time  of  nnparaUeled  actiid^ 
in  the  extension  of  systematic  and  accurate  magnetical  observations 
over  the  earth's  surface." 

Whilst  most  of  the  continental  nations  joined  in  this  movement,  the 
principal  share  in  the  work  was  divided  between  Germany,  Eussia, 
and  England  in  Europe,  and  the  United  States  in  America.  Bat 
before  the  splendid  series  of  simultaneous  observations  made  on  the 
continent,  and  four  British  colonial  observatories  were  organized, 
Gauss  in  1839  published  his  general  theory  of  terrestrial  magnetism 
coupled  with  a  series  of  charts  of  the  three  magnetic  elements  for  the 
whole  world,  based  upon  observations  made  at  ninety-two  selected 
stations  distributed  over  the  earth's  surface;  and  it  may  be  remarked 
that  Gauss's  charts  not  only  gave  results  in  fair  accordance  with 
observation  in  explored  regions,  but  also  as  afterwards  proved  in 
Antarctic  latitudes  hitherto  unvisited  by  man. 

The  proof  came  in  the  years  1839-1843,  when  lloss's  Antarctic 
voyage  of  exploration  was  carried  out  in  the  interests  of  terrestrial 
magnetism.  Besides  the  importance  of  a  knowledge  of  the  general 
distribution  of  the  magnetic  elements  in  those  regions,  one  great  aim 
of  this  expedition  was  to  reach  the  south  magnetic  pole.  This  was 
found  to  be  impossible,  but  suflBcient  data  were  collected  to  give  its 
approximate  position.  Whilst  this  Antarctic  magnetic  survey  was 
being  completed,  that  of  British  North  America  was  also  undertaken, 
with  the  result  of  the  determination  of  the  locality  of  one  of  the  foci  of 
greatest  intensity  in  the  northern  hemisphere. 

The  results  of  these  surveys  formed,  as  will  be  well  remembered,  a 
valuable  series  of  "contributions"  to  terrestrial  magnetism  by  Sabine, 
and,  coupled  with  every  available  observation  between  the  years  1818 
to  1876,  formed  the  materials  for  the  series  of  charts  entitled  "  The 
Magnetic  Survey  of  the  Globe"  for  the  epoch  1842-1845.  Each  map 
gave  normal  lines  of  equal  values  of  the  declination,  inclination,  and 
intensity.  Although  it  may  be  said  that  from  the  Arctic  circle  to  the 
Antarctic  the  direction  of  the  lines  was  efficiently  given  by  observa- 
tion, the  lines  within  those  circles  were  largely  taken  from  Gauss's 
computed  lines  modified  to  a£:ree  with  observation. 

Another  difficulty  in  compilingthesechartsof  Sabine's  with  accuracy 
lay  in  the  uncertain  knowledge  of  the  secular  change  then  available, 
and  which  had  to  be  axiplied  to  observations  made  so  far  apart  in  tima 

Sabine's  charts  are  doubtless  the  best  we  have  for  the  epoch  1842-1845, 
but  in  the  light  of  the  requirements  of  modern  science  they  leave  much 
to  be  desired  as  regards  the  Antarctic  regions.  The  observations  south 
of  60O  south  were  made  entirely  on  board  ships,  where  the  errors  of 
the  compass  sometimes  exceeded  oO^,  due  to  the  horizontal  forces  in 
the  ship,  thus  rendering  accurate  observations  of  the  declination  very 
uncertain  and  correction  of  the  observed  inclination  very  difficult; 
besides  which  there  are  no  records  of  the  ship's  disturbing  force  in  the 
vertical  direction. 


»«  deviations,  had  to  be  followed  ap  ou  a  moch  larger  scale  aud 
aore  exact  methods  in  the  iroD-bailt  ship,  which,  in  that  i>eriod 
ivity  in  terrestrial  magnetic  science — 1835-184.1 — was  rapidly 
sing  in  nambers  on  the  ocean. 

iS  In  1835  observations  were  made  on  board  iron  ships  showing 
hey  acted  as  a  magnet  on  their  compasses,  but  there  was  nothing 
w  in  the  results  what  the  canses  of  this  condition  of  the  iron  ship 
until  Poisson  in  1838  published  his  celebrated  "Memoir  on  the 
tions  of  the  compass  produced  by  the  iron  in  a  ship."  This  was 
Tons  mathematical  investigation  of  the  subject,  showing  that  the 
tions  of  the  compass  were  due  to  indactioD  iu  the  ship  by  the 
etic  force  of  the  earth. 

rhe  iron  ship  Lad  simply  been  bnilt  for  service  iu  one  locality,  a 
d  knowledge  of  terrestrial  magnetism  would  have  sufficed  to  ehiei- 
tbe  canses  of  her  magnetic  condition;  but  she  was  destined  to 
rse  every  navigable  sea  over  large  changes  of  magnetic  latitude, 
:  the  necessity  for  an  accurate  knowledge  of  the  distribution  of 
etism  over  the  great  parent  magnet,  in  order  to  determine  the 
etic  condition  of  her  comparatively  minute  offspring  the  magnet- 
ron ship;  and  this  at  all  times  and  in  all  places  iu  the  interests 
I'igatiou.  Observations  of  the  terrestrial  tDaguetic  elements  were 
fore  an  absolute  necessity  if  iron-bailt  ships  were  to  be  subnti- 
for  those  of  wood. 

)  ability  to  predict  the  deviation  of  the  compass  on  change  of  lati- 
lid  not,  however,  satisfy  Airy,  for  after  a  remarkable  matheinati- 
vestigation  of  iron  ship's  magnetism  of  a  less  rigorous  character 
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Before  dismissing  the  subject  of  the  above  application  of  magDetic 
observations,  it  may  be  remarked  that  we  have  now  heavily  armed 
protected  steel  crnisers  steaming  over  all  parts  of  the  world  with  less 
change  of  deviation  of  the  compass  than  the  wood-bnilt  JErebus  and 
Terror  of  Boss's  Antarctic  expedition,  and  this  remarkable  result  could 
not  have  been  achieved  if  the  terrestrial  magnetic  observer  had  not 
done  his  work. 

*  Moreover,  if  magnetic  observations  are  not  continued,  the  secular 
change  of  the  magnetic  elements  will  soon  commence  to  mar  the  pre- 
cision with  which  our  rapidly- moving  ships  traverse  the  globe. 

The  voyage  of  the  Challenger  in  1872-1876  contributed  the  most 
valuable  series  of  observations  of  the  magnetic  elements  in  modem 
times,  when  the  large  areas  of  the  principal  oceans  traversed  by  that 
vessel  during  three  and  a  half  years  are  taken  into  consideration. 
These  observations,  combined  with  those  taken  from  every  av.ailable 
source,  both  British  and  foreign,  between  the  years  1865-1887,  formed 
the  materials  from  which  the  magnetic  charts  of  1880  were  compiled 
(see  Vol.  II,  Physics  and  Chemistry,  part  6,  voyage  of  H.  M.  S.  Challenger), 

The  Challenger  only  crossed  the  Antarctic  circle  at  one  point  in  lon- 
gitude 780  east,  and,  therefore,  although  we  know  large  secular  changes 
to  be  going  on  south  of  40^  south,  we  have  no  measure  of  the  amount, 
nor  anything  like  an  accurate  knowledge  of  distribution  of  the  earth's 
magnetism  in  those  regions.  This  points  to  the  necessity  for  a  new 
Antarctic  expedition. 

In  the  year  1888  the  late  Prof.  J.  C.  Adams  was  provided  with  a 
complete  set  of  magnetic  charts  for  the  two  epochs  1842-1845  and  1880 
previously  mentioned,  and  as  it  was  known  he  had  directed  his  pro- 
found mathematical  ability  to  the  analysis  of  the  results  contained  in 
them,  it  was  hoped  that  some  new  and  important  light  might  be  thrown 
upon  the  bare  facts  presented.  His  lamented  death  occurred  without 
his  publishing  any  results. 

If,  however,  reference  be  made  to  the  report  on  the  magnetical 
results  of  the  GJiallengery  a  discussion  of  the  secular  change  is  con- 
tributed, founded  in  a  great  measure  on  a  comparison  of  those  charts. 
The  outcome  of  this  discussion  is  to  throw  considerable  doubt  upon 
the  theory  that  the  motion  of  the  magnetic  poles  round  the  terrestrial 
is  the  cause  of  secular  change;  in  fact,  that  the  magnetic  poles  remain 
fast,  and  we  must  look  elsewhere  for  the  cause,  whatever  it  may  be. 

Magnetic  observations  have  so  far  been  considered  in  their  all- 
important  bearing  as  necessary  to  safe  navigation  in  wood-built  ships, 
and  in  a  far  higher  sense  as  indispensable  to  that  of  the  iron  or  steel- 
built  ships  which  now  cover  the  ocean,  the  magnetic  charts  hitherto 
generally  required  for  these  purposes  being  those  on  which  normal 
lines  of  equal  values  have  been  given ;  but  something  more  is  now 
needed. 

Observation  in  comparatively  recent  years  has  shown  that  not  only 
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are  there  large  ^^regioiiaP  magnetic  distarbaiices  extending  over  large 
areas  of  land,  but  that  in  moderate  depths  of  water  where  the  largest 
ship  can  navigate  freely,  the  land  below  is  also  foand  to  have  consider- 
able areas  of  local  magnetic  disturbance  which,  if  not  allowed  for, 
may  in  thick  or  foggy  weather  lead  ships  into  danger  by  seriously 
disturbing  their  compasses. 

The  United  States  has  done  excellent  work  in  producing  charts  of 
isomagnetic  lines,  or  charts  in  which  the  chief  h)cal  magnetic  disturb- 
ances are  recognized,  and  the  full  results  of  observation  recorded. 
The  magnetic  surveys  of  Riicker  and  Thorpe  in  the  British  Isles,  of 
Monreau  in  France,  of  Bijckevorsel  in  Holland  and  elsewhere,  have 
thrown  considerable  light  on  the  magnetic  conditions  of  those  countries, 
but  there  remain  whole  continents  to  be  covered  by  the  observer. 

The  direction  of  the  isomagnetics,  too,  from  the  deep  sea  to  the  dry 
land  of  the  coasts  is  an  extension  of  the  subject  which  the  observer 
has  hardly  touched  as  yet,  but  one  affecting  the  safety  of  navigation, 
as  well  as  the  question  that  has  been  raised,  whether  the  water  areas 
of  the  globe  are,  as  a  whole,  more  or  less  magnetized  than  the  land 
areas. 

To  possess  charts  of  isomagnetic  lines  for  even  a  few  countries  is  an 
evidence  of  considerable  advance  in  the  knowledge  of  terrestrial  mag- 
netism, for  if  reference  be  made  to  Sabine's  lines  of  intensity  in  his 
contribution  on  the  magnetic  survey  of  Northwest  America  it  will  be 
found  that  he  rejected  certain  observations  he  considered  abnormal  and 
defective,  which  Lefroy,  the  observer,  considered  to  be  his  best  and 
naturally  retained  in  his  map;  the  result  being  a  considerable  difference 
in  the  form  of  the  curves  adopted  by  the  two  magneticians,  Sabine  giv- 
ing normal  curves,  Lefroy  isomagnetics. 

Besi>ecting  the  local  disturbances  of  the  needle  which  have  been  so 
clearly  proved,  the  question  naturally  arises.  Whence  the  cause  of  these 
disturbances?  It  is  now  believed  by  many,  if  not  finally  accepted,  that 
Riick^^  and  Thorpe  have  answered  the  question  by  the  results  of  their 
laborious  survey  of  the  British  Isles,  coupled  with  Biicker's  elegant 
investigations  as  to  the  permeability  of  specimens  of  the  rocks  taken 
from  the  localities  in  which  magnetic  disturbances  were  found.  Their 
answer  is  to  the  effect  that  these  disturbances,  which  have  been  found 
to  extend  over  a  region  230  miles  long  by  about  110  miles  broad,  are 
due  to  induction  by  the  earth's  magnetism  in  rocks  of  different  per- 
meability, either  present  as  in  the  basalts  on  the  surface  or  concealed 
by  superficial  deposits. 

These  results  are  distinct  from  the  extraordinary  disturbances  of  the 
needle  when  in  the  immediate  vicinity  of  permanently  magnetized 
rocks,  and  when  the  radius  of  disturbance  may  be  only  as  many  feet 
as  the  extent  of  the  regional  disturbance  is  in  miles. 

The  points  of  interest  in  the  question  of  regional  magnetic  disturb- 
ance are  not  confined  to  the  maguetician,  for  the  geologist  can  not 
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afford  to  neglect  the  valuable  inforinatiou  the  magnetic  needle  affords. 
Thas  although  Eiicker  and  Thorjie  have  since  made  a  second  and  more 
elaborate  survey  of  the  British  Isles,  their  remark  of  1890  that  "the 
kingdom  can  be  divided  into  magnetic  districts  in  which  the  relations 
between  the  direction  of  the  disturbing  forces  and  the  main  geological 
characteristics  are  so  suggestive  as  to  be  worthy  of  careful  statement 
and  further  investigation,"  not  only  holds  good,  but  has  received 
confirmation. 

The  mining  engineer  is  deeply  interested  in  a  knowledge  of  the 
declination.  Charts  of  normal  lines  are  of  great  use  to  him  whether 
above  or  below  the  earth's  surface,  but  especially  below  when  he  has 
no  other  guide.  To  such  a,n  one  a  knowledge  of  regional  magnetic 
disturbance  as  deduced  from  surface  observations  is  most  important, 
as  it  tells  him  that  he  is  in  the  neighborhood  of  magnetic  rocks,  the 
disturbing  effect  of  which  on  his  compass  needle  may  be  far  greater 
in  the  depths  of  his  mine  and  turning  it  into  a  treacherous  guide. 

We  have  now  considered  magnetic  observations  in  a  measure  from 
the  point  of  view  of  the  immediate  practical  results  which  their  scien- 
tific treatment  produces,  but  who  will  say  in  this  great  maritime  nation 
that  the  work  of  magnetic  observers,  even  if  solely  to  make  navigation 
possible,  is  not  worthy  of  the  fullest  consideration? 

There  is  besides  a  vast  field  of  inquiry  for  the  observer  of  terrestrial 
magnetism  in  unraveling  the  ^secrets  of  the  earth  considered  as  a  mag- 
net, and  the  ceaseless  change  of  its  magnetic  condition  which  the 
needle  tells  us  of,  for  which  no  immediate  practical  result  can  be  fore- 
seen, yet  is  worthy  of  the  attention  of  the  ablest  physicists  and  most 
advanced  mathematicians. 

Inquiry  into  the  causes  of  the  secular  change  is  one  requiring  the 
fullest  attention,  but  observation  has  not  yet  done  sufficient  work. 
It  certainly  has  done  much  in  certain  countries,  and  for  a  large  portion 
of  the  world  as  regards  secular  change  in  the  past,  and  data  obtained 
for  predicting  future  changes  for  a  few  years,  but  only  one  expedition 
has  examined  the  Antarctic  regions  magnetically,  and  it  is  doubtful  if 
any  substantial  progress  will  be  made  until  a  second  expedition  is 
made  thither,  one  i)rofiting  by  the  experience  of  its  precursor,  and 
equipped  with  possibilities  for  work  hardly  hoped  for  by  Boss. 

It  may  be  remarked  in  passing  that  a  remarkable  alteration  in  the 
amount  of  the  secular  change  has  been  noticed  in  the  declination  and 
inclination  at  the  following  observatories:  Bombay,  Batavia,  and  Hong 
Kong  about  the  period  of  the  eruption  of  Krakatoa  in  1883.  This  may 
be  only  a  coincidence,  but  may  it  not  also  point  to  the  possibility  that 
the  changes  below  the  surface  of  the  earth  which  culminated  in  that 
mighty  explosion,  and  may  still  be  at  work,  have  had,  and  continue  to 
have,  magnetic  effects  which  are  recorded  by  the  needles  at  those 
observatories  ? 

Critical  investigations  have  for  many  years  been  directed  to  the  elu- 
cidation of  the  causes  of  the  observed  diurnal  variations  of  terrestrial 
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magnetism.  This  work  was  long  seriously  retarded  by  the  varions 
methods  adopted  at  different  observatories  for  recording  their  results, 
obliging  those  who  entered  upon  a  comparison  of  such  results  to  go 
through  a  tedious  conversion  of  them  into  a  common  method.  It  may 
be  said  that  the  first  large  dex)arture  from  this  objectionable  practice 
occurred  when  the  international  polar  inquiry  of  1882-1883  was  under- 
taken by  the  various  expeditions. 

This  was  an  important  step  in  the  right  direction,  but  there  remains 
much  to  l>e  done,  as  shown  by  the  ten  reports  of  the  British  Associa- 
tion Committee  on  'Hhe  best  means  of  comparing  and  reducing  mag- 
netic observations."  Their  last  report  consists  of  an  able  and  suggest- 
ive paper  by  Dr.  Cluve,  being  the  analysis  of  the  results  of  five  years' 
observations  on  "quiet  days"  at  Kew,  and  is  well  worthy  of  attention 
as  indicative  of  the  present  state  of  our  knowledge  as  regards  the  diur- 
nal variation  of  the  three  magnetic  elements. 

Such  investigations  only  encourage  one  in  the  hope  that  the  much 
required  observations  in  •southern  latitudes  may  be  undertaken.  The 
observatories  at  the  Cape  and  Melbourne  could  do  invaluable  work  if 
it  were  carriecl  out  on  the  lines  of  Kew,  for  example. 

Lastly,  what  more  is  there  to  be  said  about  magnetic  observations 
and  their  bearings?  We  do  not  know  why  the  earth  is  a  magnet,  the 
cause  of  the  secular  change  of  its  magnetism,  why  it  is  subject  to  solar 
diurnal,  lunar  diurnal,  sidereal  diurnal,  and  the  other  variations  and 
disturbances,  nor  the  cause  of  magnetic  storms,  although  we  can  observe 
connections  between  them,  earth  currents,  and  aurorae.  Whether  the 
causes  of  all  these  exist  below  the  surface  of,  or  are  external  to,  the 
earth,  or  are  a  combination  of  the  two,  has  still  to  be  leai'ut,  and  it 
seems  hardly  too  much  to  hope  that  the  restless  needle  will  sooner  or 
later  be  the  means  of  opening  up  sources  of  knowledge  invaluable  to 
eosmical  science,  as  well  as  to  those  only  concerned  with  the  planet 
upon  which  they  dwell. 

When  the  causes  of  the  secular  change  are  understood,  there  will  be 
no  difficulty  in  providing  the  navigator  with  magnetic  charts  for  years 
iu  advance,  much  as  the  tides  can  now  be  tabulated  for  his  use.  In 
the  latter  case  observation  has  done  its  work  for  several  frequented 
ports,  in  the  former  case  a  vast  amount  remains  to  be  done,  and  the 
word  that  goes  forth  is  still,  as  Lord  Kelvin  thrice  said  on  a  kindred 
subject  connected  with  ships'  magnetism,  ''Observe.'* 


liy  Prof.  W.  LkCONTE   STEVENS. 


eviewer  who  aspires  to  give  an  account  of  recent  progress  in 
partment  of  science  ia  met  at  the  ontset  by  two  causes  for 
assment.  ^Vliat  beginning  aball  be  selected  for  developments 
recent*  What  developments  sbatl  be  selected  for  discussiou 
le  mass  of  investigatiouB  to  wliich  his  att«utioii  has  been  called! 
dly  is  the  army  of  workers  increasing,  and  so  mimerons  are  the 
s  in  which  their  work  is  recorded,  that  the  effort  to  keep  ap 
ren  half  of  them  is  hopeless;  or,  to  borrow  a  simile  employed 
lata  Professor  Haxley,  "W©  are  in  the  case  of  Tarpcia,  who 
the  gates  of  the  Boman  citadel  to  the  Sabines,  and  was  crushed 
;he  weight  of  the  reward  bestowed  upon  her." 
re  selected  a  single  branch  of  physics,  but  one  which  can  scarcely 
ted  rigoronsly  as  single.  From  the  physical  standpoint  optics 
■A  those  phenomena  which  are  presented  by  ether  vibrations 
such  narrow  limits  of  wave  length  as  can  afre<;t  the  sense  of 
Bat  these  waves  can  scarcely  be  studied  except  in  connection 
liose  of  shorter  and  of  longer  period.  Whatever  may  be  the 
aents  employed,  the  last  one  of  the  series  through  which  infor- 
is  carried  to  the  brain  is  the  eye.  The  physicist  may  fall  into 
y  faulty  use  of  his  mathematics,  hot  faulty  use  of  the  senses  is 
er  at  least  eqnally  frequent.  Physiological  optics  has  of  late 
I  transferred  in  large  measure  to  the  domain  of  the  psychologist, 
in  turn  has  adopted  many  of  the  instruments  as  well  as  the 
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emphasize  that  tbis  association  is  made  up  of  Americans;  bnt,  with 
full  recognition  of  the  greater  spread  of  devotion  to  pure  science  in 
Europe,  of  the  extreme  utilitarian  spirit  that  causes  the  value  of  neaily 
every  piece  of  work  in  America  to  be  measured  in  dollars,  we  are  still 
able  to  present  work  that  has  challenged  the  admiration  of  Europe, 
that  has  brought  European  medals  to  American  hands,  that  ha^  been 
done  with  absolute  disregard  of  monetary  standards;  work  baa  been 
recognized,  even  more  in  Europe  than  in  America,  as  producing  defi- 
nite and  important  additions  to  the  sum  of  human  knowledge. 

In  drawing  rttention  to  some  of  this  work  it  will  be  a  pleasant  duty 
to  recognize  also  some  that  has  been  done  beyond  the  Atlantic— to 
remember  that  science  is  cosmopolitan.  The  starting  x>oint  is  neces- 
sarily arbitrary,  for  an  investigation  may  last  many  years  and  yet  be 
incomplete.  To  note  recent  progress,  it  may  be  important  to  recall 
what  is  no  longer  recent. 

LIGHT   WAVES  AS   STANDARDS   OF   LENGTH. 

You  are  therefore  invited  to  recall  the  subject  of  an  address  to  which 
we  listened  in  this  section  at  the  Cleveland  meeting  in  1888,  when 
Michelson  presented  his  "Plea  for  light  waves."    In  this  he  described 
the  interferential  comparer,  an  instrument  developed  from  the  refrae- 
tometer  of  Jamin  and  Mascart,  and  discussed  various  problems  whioh 
seemed  capable  of  solution  by  its  use.     In  conjunction  with  Morley  he 
had  already  used  it  in  an  inquiry  as  to  the  relative  motion  of  the  earth 
and  the  luminiferous  ether  (American  Journal  of  Science,  May,  188C, 
p.  377),  and  these  two  physicists  together  worked  out  an  elaborate  scries 
of  preliminary  experiments  (ibid.,  December,  1877,  p.  427)  with  a  view 
to  the  standardizing  of  a  metric  unit  of  length  in  terms  of  the  wave 
length  of  sodium  light.     By  use  of  a  Eoland  diffraction  grating,  Bell  had 
determined  the  sodium  wave  length  with  an  error  estimated  to  be  not 
in  excess  of  one  part  in  two  hundred  thousand  (American  Journal  of 
Science,  March,  1887,  p.  167).     Could  this  degree  of  accuracj^  be  sur- 
passed?   If  so,  it  must  be  not  so  much  by  increased  care  in  me^isure- 
meut  as  by  increase  of  delicacy  in  the  means  employed.    The  principle 
applied  in  the  use  of  the  interferential  comparer  is  simple  enough;  the 
mode  of  application  can  not  be  cleary  indicated  without  a  diagram,  but 
probably  all  physicists  have  seen  this  diagram,  for  it  was  first  brought 
(mt  eight  years  ago  (ibid.,  December,  1887,  p.  427).     By  int-erference  of 
beams  of  light,  reflected  and  transmitted  by  a  plate  of  plane  parallel 
optical  glass,  and  then  reflected  back  by  two  mirrors  appropriately 
placed,  fringes  are  caught  in  an  observing  telescope.     One  of  the  mir- 
rors is  movable  in  front  of  a  micrometer  screw,  whose  motion  causes 
these  fringes  to  move  across  the  telescopic  field.    If  the  light  be  abso- 
lutely homogeneous,  the  determination  consists  in  measurement  of  the 
distance  through  which  the  movable  mirror  is  pushed  parallel  to  itself 
and  the  counting  of  the  number  of  fringes  which  pass  a  given  i>oint  in 
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he  field  of  view.     According  to  the  theory  of  interference  the  difference 
^f  path  between  the  distances  from  one  face  of  the  plate  to  the  two 
oirrors  should  \>e  small;  beyond  a  certain  limit  interference  phenomena' 
vanish,  and  this  limit  is  smaller  in  proportion  as  the  light  is  more  com- 
plex.    In  the  case  of  approximately  homogeneous  light  there  are  peri- 
odic variations  of  distinctness  in  the  fringes.    For  example,  assume 
Bodiuui  light,  -which  in  the  spectroscope  is  manifested  as  a  pair  of  yellow 
lines  near  together.     In  the  refractometer  there  are  two  sets  of  inter- 
ference  fringes,  one  due  to  each  of  the  two  slightly  different  wave 
lengths.     \Vhen  the  difference  of  path  is  very  smaU,  or  nearly  the  same 
for  both  of  these  radiation  systems,  the  fringes  coincide.    The  wave 
length  for  one  is  about  one  thousandth  less  than  that  for  the  other.    If 
the  difference  of  path  is  about  live  hundred  waves,  the  maximum  of 
briglituess  for  one  system  falls  on  a  minimum  of  brightness  for  the 
other,  and  the  fringes  become  faint.    They  become  again  bright  when 
the  difterence  of  path  reaches  a  thousand  wave  lengths.    The  case  is 
entirely  similar  to  the  familiar  production  of  beats  by  a  pair  of  slightly 
mistnned  forks. 

The  method  of  interference  thus  furnishes  through  optical  beats  a 
means  of  detecting  radiation  differences  too  minute  for  resolution  by 
ordinary  spectroscopic  metho<ls.    Spectrum  lines  are  found  to  be  double 
or  multiple  when  all  other  means  of  resolving  them  fail;  and  the  diffi- 
culty of  attaining  truly  homogeneous  light  is  far  greater  than  was  a 
few  years  ago  supposed.    By  the  new  method  it  becomes  possible  to 
map  oat  the  relative  intensities  of  the  comi)onents  of  a  multiple  line, 
their  distance  apart,  and  even  the  variations  of  intensity  within  what 
has  for  convenience  been  called  a  single  component.    Each  of  the  two 
sodium  lines  is  itself  a  double  whose  components  are  separated  by  an 
interval  about  one-hundredth  of  that  between  the  long-known  main 
components;  and  an  interval  yet  less  than  one-fifth  of  this  has  been 
detected  between  some  of  the  components  of  the  green  line  of  mercury. 
Indeed  Michelson  deems  it  quite  possible  to  detect  a  variation  of  wave 
length  corresi)onding  to  as  little  as  one  ten-thousandth  of  the  interval 
between  the  two  main  sodium  lines  (Astronomy  and  Astrophysics,  p.  100, 
February  1894). 

This  new-found  complexity  of  radiation,  previously  thought  to  be 
approximately  if  not  quite  simple,  proved  to  be  a  temporary  barrier  to 
the  accomplishment  of  the  plan  of  using  a  light  wave  as  a  standard  of 
length.  It  necessitated  careful  study  of  all  those  chemical  elements 
which  give  bright  lines  that  had  been  supposed  to  be  simple.  The  red 
line  of  cadmium  has  been  found  the  simplest  of  all  those  yet  examined. 
The  vapor  in  a  rarefied  state  is  held  in  a  vacuum  tube  through  which 
the  electric  spark  is  passed,  and  under  this  condition  the  difference  of 
path  for  the  interfering  beams  in  the  refractometer  may  be  a  number 
of  centimeters.  A  short  intermediate  standard,  furnished  with  a  mirror 
at  each  end,  is  now  introduced  into  the  comparer,  and  moved  by  means 
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of  the  micrometer  screw.  Its  length  is  thus  measured  iu  terms  of  the 
cadmium  wave  leugth.  A  series  of  intermediate  standards,  of  which 
the  second  is  double  the  first,  the  third  double  the  second,  etc,  are 
thus  compared,  and  finally  in  this  way  the  value  of  the  meter  is  reached. 

The  feasibility  of  this  ingenious  method  having  been  made  appsffcnt, 
Michelson  was  honored  with  an  invitation  from  the  International  Bureau 
of  Weights  and  Measures  to  carry  out  the  measbrement  at  the  obser- 
vatory near  Paris,  with  the  collaboration  of  the  director,  M.  Benoit 
After  many  months  of  labor,  results  of  extraordinary  accuracy  were 
attained.  For  the  red  line  of  cadmium  at  an  air  temperature  of  15^  €. 
and  pressure  of  760  mm.,  two  wholly  independent  determinations  were 
made.  From  the  first  a  meter  was  found  equal  to  1,553,162.7  wave 
lengths;  from  the  second,  1,553,164.3  wave  lengths,  giving  a  mean  of 
1,55^3,163.5  the  deviation  of  each  result  from  the  mean  being  very  nearly 
one  part  iu  two  millions  ('^Travauxet  M^moires  du  Bureau  Interna- 
tionale des  Poids  et  M^sures,"  Tome  XI,  p.  84, 1894).  A  determination 
by  Benoit  from  the  first  series  gave  1,553,163.6,  which  difiers  but  one- 
tenth  of  a  wave  length  from  the  mean  of  Michelson's  measurements. 

The  direct  comparison  of  the  lengths  of  two  meter  bars,  though  not 
easy,  is  a  simple  ox>eration  in  comparison  with  the  indirect  method  jast 
described,  but  does  not  surpass  it  in  accuracy.  Everyone  knows  that 
the  meter  is  not  au  exact  submultiple  of  the  earth's  circumference,  and 
that  the  determination  of  its  exact  value  from  the  seconds  pendulnm 
is  full  of  difiBculty.  It  may  perhaps  be  said  that  the  optical  method  is 
no  more  absolute  than  the  pendulum  method,  for  no  human  measure- 
ments can  be  free  from  error;  that  there  is  no  i>ossibility  of  the 
destruction  of  the  original  meter  and  all  certified  copies  of  it;  and 
that  there  is  no  proof  or  probability  that  molecular  changes  are  grad- 
ually producing  modifications  in  standards  of  length.  Even  if  we 
should  grant  that  for  all  practical  purposes  the  labor  of  determining 
the  meter  iu  terms  of  au  unchanging  optical  standard  has  been  unneces- 
sary, the  achievement  is  a  signal  scientific  triumph  that  ranks  with  the 
brilliant  work  of  Arago,  Fresnel,  and  Regnault.  In  preparation  for  it 
much  new  truth  has  been  elicited,  and  light  waves  have  been  shown  to 
carry  possibilities  of  application  that  Fresnel  never  suspected. 

The  physicist  is  nearly  powerless  without  the  aid  of  those  who  x>osse88 
the  higliest  order  of  mechanical  skill.  The  interferential  comparer 
could  never  have  been  utilized  for  such  work  as  Michelson  has  done  with 
it,  had  not  Brashear  made  its  optical  parts  with  such  an  approach  to 
perfection  that  no  eiTor  so  gi*eat  as  one-twentieth  of  a  wave  length 
could  be  found  upon  the  reflecting  surfaces  ("Travaux  et  Memoires 
du  Bureau  Internationale  des  Poids  et  Mesures,"  Tome  XI,  p.  5,  1895). 
In  the  conception,  mechanical  design,  and  execution  the  entire  work 
has  been  distinctly  American. 

The  interferential  refractometer  has  been  used  with  much  skill  by 
Hallwachs  (Wiedemann's  Annalen,  Baud  47,  p.  380,  and  Baud  53,  p.  1) 
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^mparmg  tlie  variation  of  refractive  index  of  dilate  solntious  with 
ktiou  of  concentration.  The  fact  of  solution  brings  aboat  a  change 
olecalar  coustitation,  affecting  botli  the  electric  conductivity  and 
'efractive  index;  and  the  changes  in  optical  density  are  measurable 
rms  of  tbe  number  of  interference  fringes  which  cross  the  field  of 
for  a  ^ven  variation  of  dilation. 

LUMINESCENCE. 

'bile  all  work  on  the  visible  sx)ectrum  is  confessedly  optical,  we  can 
onger  make  an  arbitrary  division  point,  and  declare  that  one  part 
he  spectrum  belongs  to  the  domain  of  optics  and  the  other  not. 
ue  the  days  of  Brewster  and  the  elder  Becquerel  fluorescent  solu- 
is  have  enabled  us  to  bring  within  the  domain  of  optics  many  wave 
^bs  that  were  previously  invisible.  Stokes's  explanation  of  this, 
a  degradation  of  energy  quite  analogous  to  the  radiation  of  heat 
n  a  surface  on  which  sunlight  is  shining,  has  been  generally  accepted, 
t  whetber  the  phenomena  of  fluorescence  and  phosphorescence  are 
general  physical  or  chemical,  has  for  the  most  part  remained  unknown, 
at  least  very  uncertain.  E.  Wiedemann,  who  suggested  the  term 
ninescenee  to  include  all  such  phenomena,  published  in  1895  ( Anna- 
i  der  Physik  uud  Chemie,  p.  604,  April,  1895),  in  conjunction  with 
hmidt,  a  part  of  the  outcome  of  an  extended  investigation  under- 
ken  with  a  view  to  clearing  up  these  uncertainties.  He  has  shown 
at  it  is  often  possible  to  distinguish  between  cases  in  which  the 
lission  of  light  springs  from  physical  processes  and  those  in  which  it 

due  to  chemical  a<;tion,  or  at  least  invariably  accompanied  by  this, 
''e  have  here,  as  in  photography,  a  transformation  of  radiant  into 
lemical  energy,  to  which  is  superadded  the  retransformation  of  chem- 
ai  into  radiant  energy  of  longer  period,  and  this  either  at  the  same 
me  or  long  after  the  action  of  the  exciting  rays.  Indeed,  between 
lis  process  and  that  of  photography  in  colors,  the  analogy  is  quite 
^rikiiig.  What  has  generally  been  called  phosphorescence  is  well 
nowii  to  be  the  efi'ect  of  oxidation  in  the  case  of  phosphorus  itself  and 
1  that  of  decaying  wood  or  other  organic  matter,  which  under  certain 
ouditions  shines  in  the  dark. 

Wiedemann  has  shown  that  the  shining  of  Balmain's  luminous  paint, 
nd  generally  of  the  sulphides  of  the  alkaline  earths,  is  accompanied 
rith  chemical  action.  A  long  period  of  luminosity  after  the  removal 
f  the  source  renders  highly  probable  the  existence  of  what  he  now 
alls  chemi-luminescence.  A  large  number  of  substances,  both  inor- 
anic  and  organic,  have  been  examined  both  by  direct  action  of  light 
nd  by  the  action  of  cathode  rays  in  a  controllable  vacuum  tube 
tirough  which  sparks  from  a  powerful  electric  influence  machine  were 
assed.  Careful  examination  with  appropriate  reagents  before  and 
Iter  exiK)8iire  was  suflScient  to  determine  whether  any  chemical  change 
lad  been  produced.     Thus  the  neutral  chlorides  of  sodium  and  potas- 
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Binm,  after  being  rendered  luminous  by  action  of  cathode  rays,  are 
thereby  reduced  to  the  condition  of  subchloride,  so  as  to  give  a  distiDctly 
alkaline  reaction. 

Many  substances,  moreover,  which  manifest  no  luminescence  at 
ordinary  temperatures  after  exposure,  or  which  do  so  for  only  a  short 
time,  become  distinctly  luminescent  when  warmed.  This  striking  phe- 
nomenon is  sufficient  to  warrant  the  use  of  a  sx)ecial  name,  thermo- 
luminescence.  Among  such  substances  may  be  named  the  well-known 
sulphides  of  the  alkaline  earths,  the  haloid  salts  of  the  alkali  metals, 
a  series  of  salts  of  the  zinc  and  alkaline  earth  groups,  various  com- 
pounds with  aluminium,  and  various  kinds  of  glass.  Some  of  these 
after  exposure  give  intense  colors  when  heated,  even  after  the  lapse  of 
days  or  weeks.  That  the  vibratory  motion  corresponding  to  the 
absorption  of  luminous  energy  should  maintain  itself  for  so  long  a  time 
as  a  mere  x)hysical  process  is  highly  improbable  if  not  unparalleled. 
That  it  should  become  locked  in,  to  be  subsequently  evoked  by  warm- 
ing, certainly  indicates  the  storing  of  chemical  energy,  just  as  the 
storage  battery  constitutes  a  chemical  accumulator  of  electrical  energy. 
Other  indications  that  luminescence  is  as  much  a  chemical  a«  a  physical 
phenomenon  are  found  in  the  fact  that  the  sudden  solution  of  certain 
substances  is  accomi)auied  by  the  manifestation  of  light,  if  they  have 
been  previously  subjected  to  luminous  radiation,  but  not  otherwise; 
that  alteration  of  color  is  brought  about  by  such  exposure;  and  that 
friction  or  crushing  may  cause  momentary  shining  in  such  bodies  as 
sugar.  There  is  no  conclusive  direct  evidence  thus  far  that  such 
luminescence  as  vanishes  instantly  upon  the  withdrawal  of  light  is 
accompanied  by  chemical  action.  But  Becquerel  demonstrated  long 
ago  with  his  phosphoroscope  that  there  is  a  measurable  duration  of 
luminous  effect  when  to  the  unaided  eye  the  disappearance  seems 
instantaneous  (Becquerel,  Comptes  rendus  96-121).  Wiedemann  now 
shows  that  when  this  duration  is  considerable  there  is  generally 
chemical  change.  Since  duration  is  only  a  relative  term  it  seems 
highly  probable  that  even  cases  of  instantaneous  luminescence,  com- 
monly called  fluorescence,  are  accompanied  with  chemical  action  on  a 
very  minute  scale,  and  that  all  luminescence  is  therefore  jointly  physi- 
cal and  chemical  in  character.  We  have  thus  color  evoked  by  the 
direct  action  of  light,  which  disturbs  the  atomic  equilibrium  that 
existed  before  exposure,  and  the  manifestation  of  such  color  continues 
only  until  the  cessation  of  the  chemical  action  thus  brought  into  play. 

The  influence  of  very  low  temperature  upon  luminescence  and  pho- 
tographic action  has  been  studied  by  Dewar  (Chemical  !N'ews,  LXX, 
p.  252,  1894).  The  effect  of  light  upon  a  photographic  plate  at  the 
temperature  of  liquid  air  —180°  0.  is  reduced  to  only  a  fifth  of  what  it 
is  at  ordinary  temperature;  and  at  — 200o  the  reduction  is  still  greater, 
while  all  other  kinds  of  chemical  action  cease.  In  like  manner,  at  — 80^ 
calcium  sulphide  ceases  to  be  luminescent;  but,  if  illuminated  at  this 
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teinx>eratiire  and  then  warmed,  it  gives  oat  light.  At  the  tern- 
tare  of  liquid  air  maay  substances  manifest  lomiuescence  which 
[larUy  seem  almost  incapable  of  it;  such  are  gelatine,  ivory,  and 
L  pure  'water.  A  crystal  of  ammonium  platinocyanide,  on  the  other 
1,  wlien  immersed  in  liquid  air  and  illuminated  by  the  electric 
t,  sliines  faintly  when  this  is  withdrawn.  If  now  the  liquid  air  be 
red  off  so  that  the  crystal  rises  rapidly  in  temperature,  it  glows 
htly. 

mm 

LUMINESCENCE  AND   PHOTOGRAPHY. 

hotography,  like  luminescence,  is  a  manifestation  of  the  transfor- 
ion  of  energy,  most  frequently  of  initial  short  wave  length.  The 
Suction  of  color  by  photography  is  nothing  new.  It  was  noticed 
Seebeck  nearly  a  century  ago  that  silver  chloride  becomes  tinted 
exposure  to  ordinary  light,  with  accompanying  chemical  change; 
t  if  then  subjected  a  long  time  to  red  light  it  assumes  a  dull  red 
^,  or  a  dnll  bluish  hue  if  held  in  blue  light.  It  is  likewise  possible 
proper  selection  of  luminescent  salts  to  produce  a  selected  series  of 
ts  during  and  after  exposure  to  those  rays  which  are  most  effective 
photography.  But  such  colors  can  not  be  made  fixed  and  perma- 
it.  The  problem  of  securing  on  the  photographic  plate  a  faithful 
(1  lasting  reproiluction  of  the  various  tints  of  a  spectrum  thrown 
on  it  has  baffled  most  of  those  who  grappled  with  this  subject. 
lat  it  has  been  fully  and  quite  satisfactorily  solved  can  not  yet  be 
irmed,  but  the  last  few  years  have  brought  a  far  nearer  approach  to 
ccess  than  an  equal  number  of  decades  previously.  Viewed  from 
e  scientific  8tandi)oint  the  goal  has  certainly  been  touched,  even  if 
mmercial  demands  are  still  made  in  vain. 

STATIONARY  LIGHT   WAVES. 

Two  quite  different  methods  are  to  be  considered  in  tracing  the  recent 
evelopment  of  this  interesting  application  of  optical  principles.  The 
rst  is  originally  due  to  Becquerel  (Am.  de  Chimie  et  de  Physique  (3), 
.  451^  1848),  but  lately,  in  the  hands  of  Lippmann,  it  has  been  improved 
od  brought  much  nearer  to  success  than  by  its  originator.  It  depends 
pon  the  production  of  stationary  waves  of  light.  Every  one  is  famil- 
tr  with  the  formation  of  stationary  waves  upon  an  elastic  stretched 
>rd,  and  with  the  acoustic  exhibition  of  stationary  air  waves  in  a  closed 
ibe  by  Kundt's  method  of  light  iwwders.  That  similar  loops  and  nodes 
lust  be  produced  nnder  proper  conditions  by  interference  of  waves  of 
ght  would  appear  obviously  x>ossible ;  and  so  long  ago  as  1868  Dr. 
euker(''LehrbuchderPhotochromie,"  Berlin,  1868)  of  Berlin  explained 
le  photographic  reproduction  of  color,  so  far  as  it  had  then  been 
*eomplished,  by  reference  to  stationary  light  waves.  But  no  definite 
roof  of  their  production  has  been  brought  forward.    A  few  years  ago 
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Hertz  demonstrated  objectively  the  electromagnetic  waves  whose  exist- 
ence had  been  foretold  by  Maxwell's  genius;  and  with  suitable  appa- 
ratus stationary  electric  waves  are  now  almost  as  readily  made  evident 
as  are  those  of  sound.  Hertz's  brilliant  success  stimulated  his  fellow 
countryman,  Otto  Wiener,  to  undertake  the  apparently  hox>eless  task 
of  producing  and  studying  stationary  light  waves.  Wiener's  admirable 
work  (Wiedemann's  Annalen,  Band  XL,  1890, p. 203)  excited  great  inter- 
est on  the  continent  of  Europe,  but  it  has  been  singularly  neglected  in 
England  and  America.    It  is  worth  much  more  than  a  passing  notice. 

Assume  a  plane  silvered  mirror  upon  which  a  bundle  of  rays  of  moDO- 
chromatic  light  fall  normaUy  so  as  to  be  reflected  back  upon  its  own 
path.  The  superposition  of  reflected  and  direct  waves  causes  a  system 
of  stationary  waves,  but  under  ordinary  conditions  these  are  wholly 
imperceptible.  The  nodes  are  formed  upon  a  series  of  planes  obviously 
parallel  to  the  reflecting  plane  at  successive  distances  of  a  half  wave 
length.  If  now  we  consider  a  plane  oblique  to  the  mirror,  it  will  cat 
these  successive  nodal  planes  in  parallel  lines,  whose  distance  apart 
will  be  greater  in  proportion  as  the  oblique  plane  approaches  parallel- 
ism to  the  mirror.  Although  a  half  wave  length  of  violet  light  is  only 
one  Ave- thousandth  of  a  millimeter,  it  is  easy  to  conceive  of  the  cuttin$[ 
plane  forming  so  small  an  angle  with  the  mirror  that  the  distance 
between  the  parallel  nodal  lines  shall  be  a  thousand  times  a  half  wave 
length.  Such  would  be  the  case  if  the  inclination  of  the  cutting  plane 
is  reduced  to  a  little  less  than  four  minutes  of  arc.  The  nodal  hnes 
would  be  one-fifth  of  a  millimeter  apart,  and  readily  capable  of  resola- 
tion  if  their  presence  can  be  manifested  at  all.  Imagine  a  very  thin 
transparent  photographic  film  to  be  stretched  along  the  oblique  cutting 
plane,  and  developed  after  exposure  to  violet  light  as  nearly  mono- 
chromatic as  possible.  Then  the  developed  negative  should  present  a 
succession  of  parallel  clear  and  dark  lines,  corresponding  to  nodal  and 
antinodal  bauds  along  the 'oblique  plane,  the  photographic  effect  being 
annihilated  along  an  optical  nodal  line. 

The  realization  of  a  photographic  film  thin  enough  for  such  an 
experiment  is  quite  conceivable  when  we  remember  that  under  the 
hammer  gold  is  beaten  into  leaves  so  delicate  that  8,000  of  them  would 
be  required  to  make  a  pile  1  millimeter  thick.  By  electrochemical 
deposit,  Outerbridge  (Journal  of  the  Franklin  Institute,  VoL  CIIl, 
p.  284, 1877)  has  made  films  of  gold  whose  thickness  is  only  one-hun- 
dred-thousandth of  a  millimeter,  or  one-sixtieth  of  a  wave  length  of 
sodium  light.  Wiener  obtained  a  perfectly  transparent  silver  chloride 
film  of  collodion,  whose  thickness  was  about  one-thirtieth  of  a  wave 
length  of  sodium  light.  This  was  formed  on  a  plate  of  glass  and 
inclined  at  a  very  small  angle  to  a  i)lane  silvered  mirror  which  served 
as  reflector.  From  an  electric  arc  lamp  the  light  was  sent  through  an 
appropriate  slit  and  prism,  so  that  a  selected  spectral  band  of  violet 
fell  normally  on  the  prepared  plate  in  the  dark  room.    The  developed 


Ltion  or  13  perpenaicaiar  h>  ic.  rae  lormer  ui  tuese  views  waa 
^eumauu  and  MacCull^li,  the  latter  by  Fresnel.  Let  a  beam 
ized  light  full  upon  the  mirror  at  an  angle  of  about  15°.  If  the 
>U8  in  the  iucideut  beam  are  parallel  to  the  mirror,  and  hence 
licnlar  to  the  plane  of  i>olarizatioii,  those  of  the  reflected  and 
t  beams  will  be  parallel  to  each  other,  and  hence  capable  of  inter- 
.  Bat  if  the  vibrations  of  the  incident  beams  are  in  a  plane  ideat- 
th  that  of  incidence,  and  hence  in  the  plane  of  polarization,  the 
OU8  of  incident  and  reflected  beams  are  in  mutaally  perpendic- 
laues,  and  bence  can  not  interfere.  Wiener  obtained  interfer- 
iuges  when  the  light  was  polarized  in  the  plane  of  incidence,  while 
larlzed  in  the  plane  perpendicalar  to  this  gave  no  trace  of  inter- 
B,  The  theory  of  Fresnel  was  thus  confirmed  experimentally. 
,  the  familiar  phenomenon  of  Newton's  rings  shows  ns  that  on 
ing  media  there  is  a  change  of  phase  of  the  incident  light,  else 
titral  spot  where  the  two  surfaces  come  into  optical  contact  woald 
ite  instead  of  black.  Bat  there  lias  been  difference  of  opinion 
K-faether  this  change  of  phase  occurs  at  the  upper  surface  of  the 
D,  where  the  light  passes  from  glass  to  less  dense  air,  or  at  the 
Burface,  where  it  passes  from  air  to  more  dense  glass.  In  the 
event,  there  shoold  be  a  node  at  the  reflecting  surface.  Beplac- 
16  silvered  plane  surface  by  a  lens  in  contact  with  the  photo- 
ic  film,  Wiener  obtained  circular  fringes  with  no  photographic 
,  at  the  center,  showin^i;  the  nodal  point  to  be  at  the  point  of 
it,  and  thus  again  confirming  the  theory  of  Fresnel. 

COLOR   PHOTOGEAPHY. 
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loDg  and  short  period.  After  exposure  and  development  the  natoral 
colors  are  manifested  with  brilliancy.  Apart  from  the  fandamental 
principle  already  expressed,  it  can  scarcely  be  said  that  the  rationale 
of  the  process  has  yet  been  very  fally  and  clearly  explained.  Lipp- 
mann  recognizes  the  stationary  wave  systems,  with  maxima  and  minima 
of  brightness  in  the  film  and  corresponding  maxima  and  minima  of 
silver  deposit.  If  the  incident  light  is  homogeneous,  a  series  of  equi- 
distant parallel  planes  of  equal  photographic  efficiency  are  produced  in 
the  film.  If  the  plate  after  development  is  illuminated  with  white 
light,  then  to  every  point  within  the  film  there  comes  from  below  a  cer- 
tain amount  of  reflected  energy  which  is  a  continuous  periodic  function 
of  the  distance  from  the  reflecting  surface.  The  total  reflected  light  of 
any  color  becomes  then  represented  by  the  integral  of  this  i)eriodic 
function  for  the  entire  thickness  of  tlie  layer.  The  solution  of  tbLs 
integral  brings  the  result  that  the  intensity  of  the  reflected  light 
decreases  with  increasing  thickness  of  the  layer,  a^jproaching  zero  as 
a  limit,  so  long  as  this  light  is  of  different  wave  length  from  the  homo- 
geneous light  employed  for  illumination  of  the  plate.  Only  light  of 
the  same  wave  length,  or  of  an  entire  multiple  of  this,  maintains  a 
finite  value.  A  similar  consideration  applies  to  each  of  the  hues  com- 
posing white  light.  By  such  mathematical  considerations,  Lippmanu 
(Journal  de  Physique,  p.  97, 1894)  reaches  the  conclusion  that  the  light 
reflected  from  the  plate  must  have  exactly  the  same  relations  of  wave 
length  as  that  with  which  the  plate  was  illuminated. 

For  the  Lippmanu  photographs,  which  at  first  required  a  very  long 
exposure,  and  could  even  then  be  satisfactorily  viewed  at  only  a  single 
definite  angle,  it  is  now  claimed  that  an  exposure  of  only  a  few  seconds 
is  needed,  and  that  the  colors  are  visible  at  all  angles  of  incidence  so 
long  as  the  plate  is  moist  (Journal  de  Physique,  p.  84, 1894).  But,  like 
the  daguerreotypes  of  fifty  years  ago,  they  are  incapable  of  multiplica- 
tion, and,  great  as  is  the  scientific  interest  connected  with  them,  it 
seems  scarcely  probable  that  they  can  long  continue  to  hold  an  impor- 
tant place  prac^tically.  The  x)roblem  of  ascertaining  definitely  the  cause 
of  the  return  of  a  color  the  same  as  that  which  falls  upon  a  given  sur- 
face may  seem  to  be  solved  mathematically,  but  the  mastery  of  the 
physical  conditions  required  to  produce  a  single  colored  negative,  from 
which  may  be  had  any  desired  number  of  positives  with  varied  hues 
accurately  reproduced,  is  still  in  the  future.  From  the  very  nature  of 
stationary  light  waves  it  does  not  appear  probable  that  the  Becquerel 
method  as  improved  by  Lippmanu  will  give  the  means  of  multiplying 
copies  of  a  single  picture.  Wiener  has  lately  published  an  elaborate 
research  upon  this  subject  (O.  Wiener,  Wiedemann's  Annalen,  pp.  225- 
281,  June,  1895),  in  which  he  recognizes  the  necessity  for  the  employ- 
ment not  of  interference  colors  but  rather  of  what  he  calls  body  colors 
(Korperfarben)  due  to  chemical  modification  of  the  reflecting  surface. 
M.  Carey  Lea  (American  Journal  of  Science,  p.  349,  May  1887),  in  1887 


L»y  .NCaxwell  (Koyal  Institution  lecture,  May  17, 1861)  in  1861 
>tograpliy  in  colors  would  be  possible  if  sensitizing  substances 
acovered,  each  sensitive  to  only  a  single  primary  color. 

negatives  might  be  obtained,  one  in  each  colorj  and  three 
aentary  positives  from  these,  when  superiwsed  and  carefully 
1,  n'Ould  present  a  combination  that  includes  all  the  colors  of 

In  1873  H.  W.  Vogel  in  Berlin  discovered  that  silver  bromide, 
tment  ^ith  certain  aniline  dyes,  notably  eosine  and  cyaurne 
D  be  made  sensitive  to  waves  of  mnch  longer  period  than  those 
I  effective  in  pbotography.  In  1885  he  proposed  to  sensitize 
3v  each  of  a  number  of  successive  regions  in  the  spectmm,  and 
i  as  many  complementary  pigment  prints  as  negatives,  which 
;heo  be  suiverimposed.  This  somewhat  complicated  plan  proved 
.  in  practice.  In  1888  F,  E.  Ives  (Journal  of  the  Franklin  Insti- 
kouary,  1889),  of  l*hiladelphia,  adopting  the  more  simple  Helm- 
axwell  modification  of  Young's  theory  of  color,  applied  it  to  the 
itioii  of  saitable  compound  color  screens  which  were  carefnlly 
d  to  secure  corresiwndencu  with  Maxwell's  intensity  curves  for 
uiary  colors.  The  result  was  n  good  reproduction  of  the  solar 
m.  But  to  reproduce  the  compound  lines  of  nature  it  is  neces- 
ecially  to  recognize  the  fiict  that  although  the  spectrum  is  made 
n  infinite  number  of  successive  hues,  the  three  color  sensations 
•ye  are  moat  powerfully  excited  by  combinations  rather  than  by 
spectral  hues.  Thus,  according  to  Maxwell's  curves,  the  sensa- 
red  is  excited  more  strongly  by  the  orange  rays  than  by  the 
«t  re<i  rays,  but  the  gieen  sensation  is  excited  at  the  same  time. 
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Mr.  Ives  has  devised  a  special  form  of  camera  by  which  the  three 
elementary  negatives  are  taken  simaltaneoasly,  and  also  an  instrament^ 
the  photochromoscope,  in  which  a  system  of  mirrors  and  lenses  briogs 
to  the  eye  a  combination  similar  to  that  projected  with  the  triple  lan- 
tern. A  doable  instrument  of  this  kind  forms  the  most  jierfect  type 
of  stereoscope,  bringing  out  with  great  vividness  from  the  prepared 
stereogi'aphs  the  combined  effect  of  color,  form,  and  biuocalar  j^erspec- 
tive.  It  is  only  within  the  past  year  that  these  improvements  hare 
been  perfected.  By  further  application  of  the  same  principles,  Mr. 
Ives  has  produced  permanent  colored  prints  on  glass,  which  do  not 
require  to  be  examined  by  the  aid  of  any  instrument.  Each  of  these 
negatives  is  made  with  a  colored  screen  which  transmits  tints  comple- 
mentary to  those  which  it  is  desired  to  reproduce.  The  three  gelatioe 
films  are  soaked  in  aniline  dyes  of  suitable  tint  and  superimposed 
between  plates  of  glass.  When  viewed  as  a  transparency,  such  a  print 
gives  a  faithful  reproduction  of  the  natural  colors. 

The  problem  of  color  reproduction  is  thus  solved,  not  indeed  so  sim- 
ply, but  more  effectively,  than  by  the  method  of  interference  of  light, 
or  by  those  body- color  methods  that  have  thus  far  been  applied.  To 
the  imaginative  enthusiasts  who  are  fond  of  repeating  the  once  novel 
information  that  "  electricity  is  still  in  its  infancy,"  it  may  be  a  source 
of  equal  delight  to  believe  that  photography  in  colors,  a  yet  more  deli- 
cate infant,  is  soon  to  take  the  place  of  that  photography  in  light  and 
shade  with  which  most  of  us  have  had  to  content  ourselves  thus  far; 
but  so  long  as  an  instrument  is  needed  to  help  in  viewing  chromograms, 
the  popular  appreciation  of  these  will  be  limited.  We  may  take  a  lesson 
from  the  history  of  the  stereoscope.  Yet  it  is  gratifying  to  recognize 
the  great  impetus  that  this  beautiful  art  has  received  during  the  last 
few  years.  We  may  quite  reo-sonably  expect  that  the  l>est  is  yet  to 
come,  and  that  it  will  have  an  important  place  among  the  future  appli- 
cations of  optical  science. 

THE  INFRA-RED   SPECTRUM. 

Among  the  splendid  optical  discoveries  of  this  century,  probably  the 
most  prominent  are  photography  and  spectrum  analysis,  each  belonging 
jointly  to  optics  and  chemistry.  Photography  was  at  first  supposed  to 
be  concerned  only  with  the  most  refrangible  rays  of  the  spectrum,  hut 
Abney  and  Rowland  have  photographed  considerably  below  the  visible 
red.  Beyond  the  range  thus  attained  qualitative  knowledge  was 
secured  by  Herschel,  Becquerel,  Draper,  Melloni,  Miiller,  Tyndall,  La- 
mansky,  and  Mouton.  But  our  quantitative  knowledge  of  this  region 
began  with  the  invention  and  use  of  the  bolometer  by  Langley 
(*'  Selective  absorption  of  solar  energy,"  Am.  Journal  of  Science,  March, 
1883,  p.  169),  whose  solar  energy  curve  has  been  familiar  to  all  physicists 
during  the  last  dozen  years.  During  this  interval  the  bolometer  has 
been  used  with   signal   success  by  Angstrom,   Rubens,   Snow,  and 
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^aseheu,  who  have  made  improvements  not  only  in  the  instrument  itself 
»at  iu  the  delicacy  of  its  necessary  accompaniment,  the  galvauometer. 
rhe  work  of  Snow  (Physical  Review,  Vol.  I.  pp.  28  and  95),  particu- 
arly.  on  the  infra-red  spectra  of  the  voltaic  arc  and  of  the  alkalies,  and 
that  done  by  him  in  conjunction  with  Rubens  (Astronomy  and  Astro- 
physics, March,  1893,  p.  231),  on  refraction  through  rock  salt,  sylvite, 
and  fluorite,  exhibited  the  capacities  of  the  bolometer  even  better  per- 
haps than   Langley's  previous  work  on  the  sun.    But  more  recently 
mtU  the  collaboration  of  several  able  assistants,  and  more  particularly 
the  great  ingenuity  and  mechanical  skill  of  Wadsworth,  the  sensitive- 
ness of  Langley's  galvanometer  has  been  so  exalted,  and  tlie  bolometer 
connected  in  such  manner  with  photographic  apparatus  as  to  make  it 
an  automatically  controlled  system,  by  which  an  hour's  work  now  brings 
results  superior  in  both  quantity  and  quality  to  what  formerly  required 
many  weeks  or  even  months  (Langley,  '*On  recent  researches  in  the 
infra-red  spectrum;"  Report  of  Oxford  meeting  of  British  Association, 
1894).     Not  only  is  an  entire  solar  energy  curve  now  easily  obtained  in 
a  single  day,  but  even  a  succession  of  them.    It  becomes  thus  possible 
by  comparison  to  eliminate  the  effect  of  temporary  disturbing  condi- 
tions, and  to  combine  results  in  such  a  way  as  to  represent  the  infra- 
red cold  bands  almost  as  accurately  as  the  absorption  lines  of  the  visi- 
ble sx>ectruni  are  indicated  by  use  of  the  diffraction  grating.    It  will 
undoubtedly  become  jwssible  to  determine  in  large  measure  to  what 
extent  these  bands  are  due  to  atmospheric  absorption,  and  which  of 
them  are  produced  by  absorption  outside  of  the  earth's  atmosphere. 

With  the  diffraction  grating,  supplemented  by  the  radiomicrometer, 
Percival  liewis  (Astrophysical  Journal,  June,  1895,  p.  1,  and  August, 
1895,  p.  106),  has  recently  investigated  the  infra-red  spectra  of  sodium, 
lithium,  thallium,  strontium,  calcium,  and  silver,  attaining  results  which 
accord  weil  with  the  best  previously  attained  by  those  who  had 
employed  the  bolometer,  and  which  demonstrate  the  exceeding  delicacy 
of  the  radiomicrometer  as  an  instrument  of  research. 

THE  VISIBLE   SPECTRUM. 

To  follow  out  all  the  applications  of  the  spectroscope  that  have 
resulted  in  recent  additions  to  our  knowledge  would  carry  us  far 
beyond  the  scope  of  a  single  pax)er.  It  is  x>ossible  only  to  make  brief 
mention  of  a  few. 

For  a  number  of  years  Eowland  (ibid.,  January  to  August  1895)  has 
been  investigating  the  spectra  of  all  the  chemical  elements,  ]>hoto- 
grapLing  them  in  connection  with  the  normal  solar  spectrum,  and 
reducing  them  to  his  table  of  standards,  which  is  now  accepted  every- 
where. The  work  is  of  such  magnitude  that  years  more  must  elapse 
l)efore  its  completion.  It  now  includes  all  wave  lengths  from  3,722  to 
7,200,  and  of  these  the  list  already  published  extends  as  far  as  wave 
lengths  5,150,  or  from  ultra  violet  nearly  to  the  middle  of  the  green. 
sm95 ^9 
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Through  the  spectroscope  chiefly  has  been  established  during  the 
present  year  the  discovery  of  the  new  atmospheric  element,  argon,  by 
Lord  Eayleigh  and  Professor  Eainsay  (Proc.  Eoyal  Society,  January 
31,  1895)*;  its  remarkable  property  of  green  fluorescence  when  the 
electric  spark  is  passed  through  it  in  i)resence  of  benzine,  by  Berthek»t 
and  Deslandres  (Gomptes  rendus,  June  24,  1895) ;  and  its  association 
in  meteoric  iron  and  various  minerals  with  helium,  now  x>roved  to  be  a 
terrestrial  as  well  as  solar  element,  by  liamsay  (Nature,  April  4,  May 
16,  July  4  and  25,  1895),  Grookes,  Lockyer,  and  others. 

With  the  diffraction  spectroscope  Eydberg  (Wiedemann's  Annalen, 
1893-1894)  and  Kayser  and  Eunge  (ibid.,  1888-1895)  have  discovered 
interesting  relations  among  the  spectral  lines  of  a  large  number  of 
terrestrial  elements,  arranging  them  into  series  whose  distribution 
manifests  chemical  relationship  quite  analogous  to  that  indiciited  io 
Mendelejeff's  periodic  law. 

By  photographing  the  spectrum  of  Saturn's  rings  and  noting  the 
relative  displacement  of  the  different  parts  of  a  spectral  line,  Keeler 
(Astrophysical  Journal,  May  1895,  p.  416)  has  obtained  a  beautiful 
direct  proof  of  the  meteoric  constitution  of  these  rings,  a  conflrmatioii 
of  the  hypothesis  i)ut  forth  by  Maxwell  in  1859,  that  the  outer  iwrtion 
of  the  rings  must  revolve  more  slowly  than  the  inner  portion,  and  yet 
not  satisfy  the  conditions  of  fluidity.  His  work  has  been  repeated 
and  confirmed  by  Gampbell  (ibid.,  August  1895,  p.  127)  at  the  Lick 
Observatory. 

The  spectroheliograph  devised  by  Hale  (Astronomy  and  Astrophy.*- 
ics,  March,  1893,  p.  250)  has  enabled  him  to  photograph,  on  any  briglil 
day,  not  only  the  solar  photosphere  and  spots,  but  also  the  chromo- 
sphere and  protuberances.  He  has  made  some  remarkable  attempts 
with  this  instrument  to  photograph  the  corona  Avithout  an  eclipse, 
unsuccessfully  thus  far,  but  not  without  promise  of  future  success. 

POLARIZED   LIGHT. 

In  the  domain  of  polarized  light,  there  have  been  several  noteworthy 
recent  researches.  Nichols  and  Snow  (Philosophical  Magazine  (5), 
Vol.  XXXIII,  p.  379)  have  shown  that  calcite,  though  readily  trans- 
parent for  the  brighter  rays  of  the  spectrum,  rapidly  diminishes  in 
power  of  transmission  for  waves  of  short  period,  so  that  for  the  extreme 
violet  this  power  is  scarcely  half  so  great  as  for  the  yellow.  The 
transmissive  power  of  this  crystal  for  the  infra-red  rays,  between  the 
wave-length  limits  of  1  micron  jind  5.5  microns,  has  been  investigated 
with  the  bolometer  by  Merritt  (Physical  Review,  May- June  1895,  p. 
424),  who  reaches  the  interesting  result  that  the  transmission  curve  for 


'  See  also  Smithflouian  Contributious  to  Kuowledge,  Vol.  XXIX,  where  is  published 
the  origioal  memoir  announcing  tbe  discovery  of  nrgon,  for  which  l^ord  Kayleigh 
and  Professor  R.imsiiy  were  awarded  the  first  prize  of  if  10, 000,  in  the  Hodgkius  Fund 
Prize  competition  of  the  Smithsonian  Institution. — Editor. 
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tie  ordinary  ray  is  wholly  independent  of  tbat  for  the  extraordinary, 
be  absorption  being  in  general  much  greater  for  the  former.  Several 
liarp  absorption  bandn  are  found  for  ea<;h  ray.  For  radiations  whose 
rave-length  exceeds  3.2  microns,  the  absorption  of  the  ordinary  ray  is 
dmost  complete,  so  that  calcitc  behaves  for  such  radiation  just  as 
;oiirinaIiue  does  for  the  rays  of  the  visible  si>ectrum.  The  independ- 
ence of  tlie  two  transmission  curves  is  found  to  exist  also  for  quartz 
\in\  tourmaline,  these  cnrves  for  the  latter  crossing  each  other  twice 
in  the  infra-red  region. 

The  application  of  polarized  light  to  the  investigation  of  internal 
stress  in  transparent  media  was  made  more  than  forty  years  ago  by 
Wertbeiin  (Comptes  rendus,  32,  j).  289,  1851),  who  demonstrated  that 
the  retardation  of  the  rays  is  proportional  to  the  load.    An  extended 
series  of  such  experiments  has  been  lately  made  in  America  by  Marston 
(Physical  Keview,  September,  October,  p.  127, 1893),  who,  besides  con- 
firming \Vertheim's  conclusion,  shows  that,  ^^for  small  strains  at  least, 
the  colors  seen  in  a  strained  glass  body,  when  polarized  light  is  passed 
throngh  it  in  a  direction  parallel  to  one  of  the  axes  of  strain,  are 
measured  by  the  algebraic  difference  of  the  intensities  of  those  two 
principal  strains  whose  directions  are  peri)eudicular  to  the  direction  of 
the  iKdarized  light.'" 

A  new  substance  with  double  rotatory  power,  like  quartz,  has  been 
discovered  by  Wyrouboff  ( Joiu*nal  de  Physique  (3),  3,  452,  1894),  the 
neutral  anhydrous  tartrate  of  rubidium,  which  is  unique  in  one  respect. 
The  rotatory  power  of  the  substance  in  the  crystalline  state  becomes 
reversed  in  solution.  This  wholly  new  phenomenon  introduces  some 
perplexit}^  in  connection  with  certain  molecular  theories  that  have  been 
formulated  to  account  for  double  rotatory  power. 

Cxehore  (Transactions  of  the  American  Institute  of  Electrical  Engi- 
neers, October,  1894,  p.  91)  has  ingeniously  applied  Faraday's  i)nnciple 
of  electro-magnetic  rotation  of  the  plane  of  x>olarization  in  carlxm 
bisulphide  to  the  photographing  of  alternate  current  curves.  Every 
variation  in  the  magnetic  field  causes  variation  in  the  amount  of  liglit 
transmitted  through  a  pair  of  crossed  Xicol  prisms.  The  combination 
becomes  a  chronograph  with  an  index  as  free  from  inertia  as  the  beam 
reflected  from  a  galvanometer  mirror.  The  same  instrument  has  been 
applied  to  measurement  of  the  velocity  of  projectiles  (Journal  of  the 
United  States  Artillery,  p.  409,  July,  189.1),  with  result**  of  exceeiling 
interest  to  the  student  of  gunnery. 

PHYSIOLOGICAL   OPTICS. 

The  temptation  to  dilate  ni^on  recent  progress  in  physiolouiral  optics 
has  to  be  resisted.  The  revision  of  Helmholtz's  givat  Untk  on  tliis 
subject  w*as  interrupted  by  the  death  of  the  distinguished  author,  but 
the  last  part  is  now  approaching  comph-tion  under  the  care  of  his 
pupil,  Arthur  Konig,  who,  in  conjunction  with  Die4lerJci,  has  done 
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much  importaDt  work  in  this  domain.  The  selection  of  hues  for  the 
three  primary  color  sensations  has  been  slightly  modified.  Young 
selected  the  two  extremes  of  the  spectrum,  red  and  violet,  togeth^ 
with  green,  which  is  about  midway  between  them.  The  hues  dow 
accepted  by  Helmholtz  and  those  who  follow  his  lead,  including  the 
great  majority  of  x^hysicists,  are  a  highly  saturated  carmine  red,  m 
equally  saturated  ultramarine  blue,  and  a  yellowish  green,  correspond- 
ing somewhat  to  that  of  vegetation.  The  red  and  blue  agree  with 
those  previously  determined  by  Hering,  but  the  rivalry  between  the 
two  schools  on  the  subject  of  color  sensation  continues,  and  perhaps 
will  last  through  a  period  commensurate  with  the  difficulty  of  devising 
crucial  experiments. 

Independent  theories  of  color  sensation  have  been  brought  oat  by 
Mrs,  Franklin   (Christine  Ladd  Franklin,  "Bine  neue  Theorie  der 
Lichtempfundungen,"  Zeitschrift  fiir  Psychologie  und  Physiologie  der 
Sinnesorgane,  1892),  in  America,  and  by  Ebbinghaus  ("Theorie  des 
Farbensehens,''  ibid.,  1893),  in  Germany.    The  former  particularly  is 
worthy  of  much  more  extended  notice  than  can  here  be  given.    It  may 
perhaps  be  quite  properly  called  a  chemical  theory  of  vision.    Light  is 
always  bringing  about  chemical  changes  in  external  objects,  and  the 
eye  is  the  one  organ  whose  exercise  requires  the  action  of  light,  while 
such  chemical  action  is  implied  in  the  performance  of  most  of  the 
bodily  functions,  such  as  the  assimilation  of  food  and  the  oxidation  of 
the  blood.    The  bleaching  action  of  light  upon  the  visual  purple,  which 
is  continually  formed  on  the  retina,  has  been  known  ever  since  the 
discovery  of  this  in  1877  by  Kiihne,  who  secured  evanescent  retinal 
photographs  in  the  eyes  of  rabbits.    Mrs.  Franklin  considers  that  light 
sensation  is  the  outcome  of  photochemical  dissociation  of  two  kinds  of 
retinal  molecules  that  she  denominates  gray  molecules  and  color  mole- 
cules, of  which  the  latter  arise  from  the  gray  molecules  by  differentia- 
tion in  such  a  way  that  the  atoms  of  the  outer  layer  group  themselves 
differently  in  three  directions,  and  the  corresponding  action  of  light 
of  proper  wave  length  gives  rise  to  the  three  fundamental  color  sensa- 
tions.   She  develops  the  theory  with  much  skill,  applying  it  particu- 
larly to  the  phenomena  of  retinal  fatigue  and  color  blindness.    To  the 
objection  that  there  is  no  direct  proof  of  the  existence  of  the  assumed 
gray  and  color  molecules,  it  may  be  answered  that  Helmholtz  himself 
fully  recognized  the  uncertainty  of  the  assumption  that  three  different 
sets  of  nerves  respond  to  the  three  fundamental  color  sensations,  and 
he  admitted  that  these  may  be  only  different  activities  in  the  same 
retinal  cone.     The  supposition  of  three  adjacent  cones,  responding 
respectively  to  the  three  fundamental  sensations,  is  made  only  for  the 
sake  of  greater  convenience  in  discussion. 

Indeed,  there  is  still  much  for  us  to  learn  regarding  the  nature  of 
color  sensation.  Among  the  yet  unexplained  phenomena  are  those  of 
simultaneous  color  contrast.    The  fact  that  a  small  brightly  colored 
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irea  on  a  gray  background  appears  Burronnded  by  its  complementary 
tint  is  familiar  eooagh.    For  its  explanation  it  has  been  common  to 
assame  that  there  is  nncouscious  motion  of  the  observer's  eyes,  incip- 
ient retinal  fatigue^  an  error  of  judgment,  or  fluctuation  of  judgment. 
This  has  been  tested  by  A.  M.  Mayer  (American  Journal  of  Science, 
July^  1893),  who  ingeniously  devised  methods  for  showing  these  con- 
trast phenomena  on  surfaces  large  enough  to  match  the  colors  witli 
those  of  rotating  color  disks,  and  thus  to  arrive  at  quantitative  state- 
ments of   their  hues.    When  viewed  through  a  small  opening  in  a 
revolving  disk,  the  subjective  contrast  color  was  unmistakably  percep- 
tible when  the  duration  of  passage  of  the  opening  was  less  than  one- 
thousandth  of  a  second.    The  same  effect  was  obtained  in  a  dark  room 
with  instantaneous  illumination  of  the  colored  surface  by  the  strong 
spark  of  an  electric  influence  machine.    The  duration  of  illumiuation  is 
thus  almost  infinitesimal,  certainly  not  more  than  one  ten-millionth  of  a 
second.     The  hypothesis  of  fluctuation  of  judgment  is  thus  shown  to  be 
wholly  untenable.    I  have  performed  most  of  these  exx>eriments,  either 
with  Professor  Mayer  or  separately,  and  my  testimony  can  therefore 
be  united  with  his.    The  case  is  quite  analogous  to  that  of  the  percep- 
tion of  binocular  relief,  which  was  once  explained  as  the  product  of  a 
judgment,  but  was  found  to  be  always  possible  with  instantaneous 
illumination.    Professor  Mayer  has  devised  a  disk  x)hotometer  based 
on  color  contrast,  with  which  the  error  of  a  single  reading  was  found 
much  less  than  with  the  Bunsen  photometer. 

The  rotating  color  disk  has  been  applied  by  O.  X.  liood  (American 
Journal  of  Science,  September,  1893)  to  the  determination  of  luminosity 
indei>endently  of  color,  by  taking  advantage  of  the  flickering  appear- 
ance on  a  rotating  disk  upon  which  two  parts  have  diflerent  reflecting 
powers.  An  extreme  case  of  this  is  that  of  a  white  sector  upon  a  black 
disk.  At  a  certain  critical  sjieed  the  retinal  shock  due  to  momentary 
imi>res8ion  by  white  light  becomes  analyzed  into  the  subjective  impres- 
sion of  si)ectral  colors,  the  duration  of  the  retinal  sensation  varying 
with  the  wave  length  of  the  incident  light.  The  law  of  this  variation 
has  been  studied  by  Plateau  ("Dissertation  sur  quelques  proprictt'-s  des 
impressions  produits  par  la  lumiere  sur  I'organe  de  la  vue,''  Lit^ge,  1820), 
Nichols  (American  Journal  of  Science,  October,  1884),  and  more 
recently  with  much  pre^dsion  by  Ferry  (ibid.,  September,  1892),  who 
showed  that  retinal  i)er8istence  varies  inversely  as  the  logarithm  of  the 
luminosity.  For  a  given  source  of  light  sex)arated  into  its  spectral 
comiK)nent.s,  the  yellow  is  the  brightest.  For  this  hue  accordingly  the 
retinal  impression  is  shortest,  and  for  violet  it  is  longest. 

Under  appropriate  conditions  the  after-eftect  on  the  retina  has  a  cer- 
tain i>ulsatory  character,  as  first  noted  by  C.  A.  Young  (Philosophical 
Magazine,  Vol.  XIJII,  p.  343,  1872)  in  1872,  and  carefully  studied 
within  the  last  few  years  by  Charpentier  ("Oscillations  r(^*tiniennes," 
Comptes  rendus,  Vol.  CXIII,  p.  147,  1891)  in  France,  and  Shelford 
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Bidwell  C^On  the  recurrent  images  following  visual  impressions,"  Proc. 
Eoyal  Society,  March  27,  1894)  in  England.  A  disb  with  properly 
arranged  black  and  white  sectors,  if  brightly  illainiuated  and  looked  st 
while  revolving  at  a  moderate  rate,  becomes  apparently  colored,  just  as 
a  momentary  glance  at  the  sun  causes  the  perception  of  a  succession 
of  subjective  spectral  hues  which  may  last  a  number  of  seconds.  Tiie 
phenomenon  in  relation  to  the  disk  was  known  as  early  as  1838  (Fech- 
ner,  Poggendorff's  Annaleu,  1838),  and  explained  by  liood  (American 
Journal  of  Science,  September,  1860)  in  1860.  The  rediscovery  of 
what  has  been  long  forgotten  arouses  all  the  interest  of  novelty.  The 
"artificial  spectrum  top,"  devised  by  Benham  (Nature,  Kovember29, 
1894,  p.  113)  last  autumn,  excited  interest  on  two  continents,  and  was 
promptly  copyrighted  by  a  prominent  firm  of  opticians  (ibid.,  March 
14,  1895,  p.  463)  in  England.  It  would  perhaps  be  equally  enterprising 
to  copyright  the  solar  spectrum. 

The  limits  of  a  single  address  forbid  my  touching  upon  the  large 
and  practically  important  subject  of  color  blindness.  Indeed,  in  both 
physical  and  physiological  optics  much  has  been  omitted  that  is  abnn 
dautly  worthy  of  attention.  In  behalf  of  my  hearers  it  may  be  wise  to 
take  heed,  once  more,  of  the  fote  of  Tarpeia,  who  was  overwhelmed 
with  the  abundance  of  her  reward. 
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INTRODUCTION. 

k  great  chemist,  J.  B.  Damas,  once  said  that  living  organisms  are 
tiling  bat  ''  condensed  air.''  He  thus  expressed,  in  terse  terms,  the 
salt  of  the  investigations  pursued  by  himself  and  others  into  the 
lations  of  the  atmosphere  to  living  beings. 

My  parpoae,  in  the  following  pages,  is  to  show  how  closely  Dumas's 
Bktement  agrees  with  ascertained  facts,  even  more  closely  than  he 
mself  supposed.  It  is  also  desirable  to  briefly  instance  and  illustrate 
le  varied  ways  in  which  air  influences  the  general  life  of  the  globe. 
I  the  ordinary  definition  of  the  word  were  not  an  impediment  to  its 
Be  in  the  present  case,  I  would  say  that  I  purpose  making  a  general 
ketch  of  the  "  biology  "  of  the  atmosphere.  More  exactly  and  appro- 
priately I  may  use  a  quite  similar  term,  and  say  that  the  subject- 
natter  of  this  essay  is  the  "natural  history'' of  the  air — taking  the 
:erm  in  the  sense  given  to  it  by  Geoflfroy  St.  Hilaire — an  essay  upon 
the  3>ropertie8  of  air  considered  in  its  relations  to  living  beings,  upon 
it«  composition,  its  contents,  its  origin,  its  varied  modes  of  action. 

While  I  shall  especially  and  particularly  consider  air  in  its  relations 
to  life,  I  shall  also  refer  briefly  to  its  relations  to  other  subjects,  point- 
ing out  those  which  it  would  be  useful  to  investigate  further  in  order 
to  increase  the  scope  of  our  knowledge. 

The  stndy  of  the  atmosphere  is  truly  one  of  great  magnitude;  its 
relations  to  the  remainder  of  the  universe  are  so  varied  and  impor- 
tant, the  subjects  which  it  suggests  are  so  numerous  and  take  us  through 
80  many  fields  of  inquiry,  that  a  comparison  suggests  itself  forcibly — 
jast  as  the  atmosphere  surrounds  our  whole  planet  and  forces  itself 
into  the  clefts  and  fissures  between  its  elements  and  rocks  to  the  depths 
of  the  soil,  in  the  same  manner  does  the  study  of  air  pertain  to  all 
departments  of  science,  to  geology  as  well  as  astronomy,  to  physics  no 
less  than  to  chemistry,  and  to  biology  in  the  largest  sense  of  the  term. 
While  it  would  be  a  hazardous  enterprise  to  undertake  a  complete 
review  of  so  important  a  subject,  it  may  prove  useful  to  give  a  rapid 
sketch  of  some  features,  and  that  I  shall  endeavor  to  do,  by  showing 
what  air  is,  physically  and  chemically  considered,  what  is  its  origin, 
what  it  contains,  and  of  what  use  it  is  to  life.    Doubtless  this  is  but 
a  small  part  of  the  subject,  but  this  sketch  may  contribute  to  show 
bow  vast  and  varied  is  that  chapter  of  science  that  goes  under  the 
name  of  the  ^^  stndy  of  the  atmosphere." 
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I.— AlB   CONSIDEKED  FROM  THE   PHYSICAL   PolNT  OF   YiEW. 

Vast  as  are  the  proportions  of  the  atmosphere  it  is  uoue  the  less  invis- 
ible. It  surrouads  us  on  every  side;  we  are  bathed  iii  it,  and  we  do 
not  see  it;  when  it  is  not  in  motion  we  do  not  feel  it.  Althongli  haTiiig 
material  existence  and  creating  material  ell'ects,  for  evil  or  for  good,  it 
is  immaterial  to  oar  senses.  This  fluid,  this  gas,  may,  however,  be 
weighed.  Jean  Rey  ^  and  Otto  von  Guericke*  were  the  first  who  gave 
positive  proof  of  this,  and  showed  that  a  glass  receiver  in  which  a 
vacuum  had  been  made — even  imperfectly — weighed  less  than  the  same 
receiver  in  normal  and  free  connection  with  the  surrounding  atmos- 
phere— that  is,  full  of  air — and,  on  the  other  hand,  a  receiver  into  which 
air  is  forced  and  maintained  under  pressure  weighs  more  than  the 
same  receiver  full  of  air  at  the  normal  pressure  pro  loco  et  tempore. 
One  liter  of  air,  pure  and  dry,  under  the  pressure  of  760  millimeteii!i, 
at  0°  temperature,  and  at  the  latitude  of  Paris,  weighs  1.293  grams 
(Regnault).  It  weighs  more  if  the  pressure  is  higher,  less  if  it  is 
lower;  and  hence  a  liter  of  air  has  more  weight  at  the  bottom  of  a 
shaft  in  a  mine  than  at  sea  level,  and  less  on  top  of  a  hill  or  moua- 
tain.  The  higher  the  altitude  at  which  air  is  weighed  the  less  it 
weighs,  because  it  expands,  the  same  weight  of  air  occupying  a  larger 
space  or  volume.  Air  is  more  dense  at  low  stations,  less  dense  in  the 
higher  strata  of  the  atmosphere,  so  that  when  the  weight  of  air  is  men- 
tioned it  is  always  given  with  reference  to  a  certain  altitude,  to  a  c«r 
tain  pressure,  and  also  to  a  certain  temperature  and  hygrometric  state, 
because  these  different  conditions  exert  a  considerable  influence  a|)OD 
the  matter. 

As  in  the  case  of  other  gases,  air  is  made  up  of  molecules,  and  these 
are  considered  as  being  in  a  state  of  perpetual  motion.  It  has  been 
reckoned  that  the  number  of  impiicts  or  collisions  to  which  each  mole- 
cule is  subjected  during  ea<5h  second,  in  the  tremendous  turmoil  which 
takes  i)lace  in  the  air,  amounts  to  something  like  4,700,000,000!  These 
molecules  are  exceedingly  small,  and  Sir  William  Thomson  (Lord 
Kelvin),  Clerk  Maxwell,  and  Van  de  Waals  give  their  dimensions  as 
being  less  than  a  fraction  of  one  millionth  of  a  millimeter,  I  cubic  cen- 
timeter of  air,  at  0°  and  760  millimeters  pressure,  containing,  in  round 
numbers,  some  21,000,000,00(),000,00(),0()0  of  these  molecules. 

I  have  referred  to  the  fact  that  the  weight  of  the  air  is  not  the  same 
in  all  localities.    It  also  varies  in  the  same  locality.    The  sum  total  of 


^  Jean  Rey^  Freucli  physiciau  and  pliysicist,  said^  in  1630;  that  if  tin  is  burnt  in 
contact  wit])  air,  it  increases  in  weight,  and  this  increase  is  due  to  air  which  hnn 
been  absorbed  by  the  metal  during  the  combustion. 

*Otto  von  Guericke,  born  1602.  died  1686.    He  also  demonstrated  atmospheric  pres 
sure  by  means  of  the  instrmnent  called  the  Magdeburg  hemispheres — two  hollow 
hemispherical  cups  which  it  is  very  difficult  to  separate  when  a  vacuum  has  l>een 
created  in  the  interior. 
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tie  'Weight  of  the  atmosphere,  wberever  conRidered,  varies  every  day 
lore  or  less,  often  appreciably  within  the  limits  of  a  few  hours  and 
yen  minutes.  This  could  not  happen,  of  course,  if  the  weight  of  the 
.trata  of  air  did  not  vary  also.  The  weight  of  the  whole  atmosphere 
ncreases  or  decreases  because  the  weight  of  the  air,  considered  at 
my  region  vertically  above  the  point  where  the  observation  is  made, 
ncreases  or  decreases.  These  variations  of  weight,  or  pressure,  are 
ndieat^d  by  the  barometer — devised  in  164*5  by  Torricelli,  pupil  and 
iriend  of  Galileo — and  the  oscillations  of  that  instrument  are  only  indi- 
cations^  of  the  difterenees  of  the  weight  or  pressure  of  the  air. 

Now,  as  the  pressure  is  increased  at  low  stations,  and  diminished  at 
high  ones,  and,  as  there  is  a  very  definite  and  regular  connection  between 
difterenees  of  altitude  and  barometrical  indications,  it  is  conceivable 
that  the  barometer  may,  to  some  extent,  and  with  certain  limitations, 
yield  information  as  to  the  altitude  at  which  an  observer  finds  himself. 
It  is  snfBcient  to  mention  the  fact;  the  methods  by  which  it  is  estab- 
lished would  require  too  long  an  exposition. 

Since  air  is  material  and  has  a  weight  of  its  own,  however  varia- 
ble, it  must  press  upon  all  organisms.    It  is  not  diihcult  to  estimate 
with  some  precision  the  weight  of  the  superincumbent  air.    For  each 
sfpiare  centimeter  of  our  skin,  the  i)ressure  exerted  is  exactly  that 
of  a  vertical  column  of  mercury  1  square  centimeter  in  section,  and 
of  the  same  height  as  the  barometrical  column  at  that  moment.    If 
the  barometer  stands  at  760  millimeters,  the  pressure  is  exactly  that 
of  76  cubic  centimeters  of  mercury,  and  as  eac^h  cubic  centimeter 
weighs  13.6  grams,  the  sum  total,  per  square  centimeter,  is  1  kilo- 
gram 33  grams,  or  about  15  pounds  per  square  inch.    Taking  the  skin 
surface  of  the  average  adult  to  be  something  like  1^  scjuare  meters 
(15,000  scjuare  centimeters),  the  weight  with  which  the  atmosfjliere 
presses  on  each  of  us  amounts  to  15,450  kilograms;  biit  under  ordi- 
nary circumstances  we  do  not  feel  this  enormous  load,  because  the 
pressure  is  exerted  in  all    directions;   from  within  outward   as  well 
as  fi'om  without  inward,  from  below  upward  as  well  as  from  above 
downward.    To  perceive  this  pressure,  it  must  be  removed  from  one 
side,  as  when  the  hand  is  placed  over  the  oi)en  end  of  a  cylinder  in 
which  a  vacuum  is  being  formed;  then  one  feels  the  stron<^  jiressure 
poshing  the  hand  toward  the  opposite  end  of  the  cylinder.    Of  course 
the  pressure  exerted   upon  the  body  and  all  objects,  is  lessened  as 
the  altitude  increases,  or  the  barometer  falls;  and,  reciprocally,  if  the 
barometer  rises,  or  if  the  body  be  at  a  low  station — in  a  mine  for 
instance — the  pressure  is  higher.    The  total  weight  of  the  atmosjihere, 
at  sea  level,  under  normal  circumstances,  averages  fumut  5,000,000,. 
000,900,000,000  kilogram8--tbat  is,  the  millionth  of  the  weight  of  our 
planet  itself;    or,  to  use  other  terms,  the  weiglit  of  a  c^>ntinaotis 
stratum  of  mercury  76  centimeters  high,  and  covering  the  entire  stir- 
fiice  of  the  globe,  both  sea  and  land.    This  is  a  fairly  high  figure  for  a 
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substance  so  nearly  immaterial  that  it  escapes  our  vision.  However, 
air  is  not  always  invisible;  it  may  be  seen  very  clearly;  it  may  also  be 
touelied  and  handled,  although  no  one  would  undertake  to  do  so,  or  to 
recommend  the  feat.  Whilst  it  is  gaseous  under  normal  pressure  and 
circumstances,  it  may  be  made  to  assume  the  liquid  form  when  subjected 
simultaneously  to  the  influence  of  considerable  cold  and  very  high  pres 
sure.  High  pressure  alone  is  not  sufficient.  Under  a  pressure  of  3,000 
atmospheres,  3,000  times  that  of  ordinary  sea-level  pressure,  oxygen 
and  nitrogen  remain  gases  (Natterer) ;  but  if  at  the  same  time  tLe 
temperature  is  lowered,  they  immediately  assume  the  liquid  condition. 
MM.  Cailletet  and  Pictet  have  obtained  liquid  air  by  means  of  pressures 
of  300, 600,  or  1,000  atmospheres  cooperating  with  intense  cold,  with  tbe 
cold  corresponding  to  100^  or  200°  below^  zero  (Celsius  or  centigrade). 
Under  such  circumstances  air  may  even  assume  the  solid  form;  the 
liquid  air  freezes  into  a  solid  block,^ 

No  one  could  venture  to  touch  this  liquid  or  solid  with  the  bare  skiu, 
for  two  reasons;  one  being  that,  of  course,  air  can  be  kept  liquid  or 
solid  only  under  the  circumstances  of  its  production,  and  instantly 
becomes  a  gas  under  normal  pressure  or  temperature;  the  other,  that, 
even  if  the  transformation  were  not  instantaneous,  the  intense  absorp- 
tion of  heat  (production  of  cold)  which  accompanies  the  passage  from 
the  liquid  or  solid  to  the  gaseous  state  would  be  more  than  sufiicieot 
to  kill  instantly  all  living  tissues  in  the  vicinity. 

It  is  enough  for  our  present  puri)ose  to  simply  mention  the  impor 
tance  of  air  as  an  elastic  fluid,  and  the  part  i)layed  by  this  gas  in 
luminous,  thermic,  acoustic,  and  electric  ijhenomena,  where  it  is  an  all- 
important  medium.  It  is  also  sufficient  to  remind  the  reader  of  the 
temperature  of  the  atmosphere  and  its  varied  movements,  from  the 
light  breeze  that  cools  the  hot  summer  days  to  the  cyclones  and 
tornadoes  which  destroy  buildings  and  tear  ui)  the  strongest  giants 
of  the  forests.  Lastly,  the  atmosphere  is  very  far  from  being  unlimited. 
It  ceases  at  some  distance  from  our  planet,  becoming  very  thin  and  rare 
even  at  altitudes  that  are  not  exceedingly  great,  such  as  5,000  meters 
(Mont  Blanc,  4,813  meters;  Gaurisankar  8,840  meters),  and  while  we 
are  not  prepared  to  state  the  exact  distance  from  the  earth  at  which 
all  traces  of  air  disa]>pear,  it  is  generally  admitted  that  above  320  or 
350  kilometers  (1  kilometer =1,000  meters)  height,  vertically,  there  is 
no  atmosphere  worth  mentioning.  Of  course,  at  such  altitudes,  the  air 
must  be  exceedingly  thin  and  rarefied,  as  it  is  in  the  exhausted  receiver 
of  the  air  jnimp. 

It  is  commonlv  said  that  air  is  tasteless  and  odorless.     Pure  air 


•  Tho  gas  is  first  cooled  down  to  30*^  below  zero,  and  then  compressed  under  200  or 
300  atmospheres.  It  remains  fluid;  hut  if  a  small  amount  of  it  is  then  allowed  to 
escape,  the  sudden  expansion — which  is  accompanied  by  a  production  of  cold,  while 
compression  causes  heat  to  be  evolved — cools  down  the  remainder  of  the  air,  the 
temperature  falls  to  200"  below  zero,  and  the  air  immediately  assumea  the  liquid  con- 
dition.    Lower  down  it  freezes  and  becomes  a  solid  block. 
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may  be  nnable  to  affect  the  olfactory  membrane;  but  this  is  not  the  case 
irith  the  atmosphere  generally.  The  air  that  surrounds  us  is  full  of 
icents  aud  odors,  but  we  are  so  accustomed  to  them  that  we  take  no 
lotice  thereof.  But  after  we  have  spent  some  time  in  an  atmosphere 
rhere  most  ordinary  odors  can  not  conveniently  gain  access,  aud  then 
Bturn  to  our  ordinary  surroundings,  the  case  is  altered,  and  we  perceive 
very  powerful  odor.  This  has  been  noticed  by  different  observers 
fter  a  considerable  sojourn  in  deep  caves,  such  as  the  Mammoth  Cave 
I  Kentucky.  The  air  in  these  caves  is  nearly  odorless,  and  when, 
Fter  a  few  hours  spent  in  this  scentless  environment,  the  visitor 
merges  again  into  the  open,  the  atmosphere  seems  powerfiilly,  even 
iolently,  scented  or  odoriferous,  and  some  persons  may  even  be  tempo- 
arily  affected  by  the  intensity  of  the  sensation.  During  the  sojourn 
n  the  unscented  air  the  olfactory  cells  have  rested,  but  the  renewal 
f  their  activity,  generally  unconscious,  is  accompanied  by  a  very  strong 
ensation  which  however  soon  fsides. 

The  atmosphere  does  not  stop  at  the  surface  of  the  seas,  nor  does  it 
;ease  at  the  surface  of  the  soil.    It  penetrates  both,  the  former  espe- 
cially.    In  the  latter  the  access  of  air  is  very  soon  arrested  by  the 
compactness  of  the  rocks  or  strata,  and,  generally  speaking,  the  pro- 
portion of  air  in  the  soil  is  very  small  in  all  cases  where  there  are  no 
clefts,  fissures,  or  deep  underground  galleries.    In  the  superficial  layer, 
however,  the  case  is  different;  air  is  always  present  in  appreciable  pro- 
|M>rlions  in  the  less  compact  parts  where  plants  push  their  roots  and 
seek  their  nutriment;  and  in  the  deepest  shafts,  caverns,  caves,  and 
other  natural  or  artificial  excavations  of  the  soil,  air  exists.    It  should 
not  be  expected  to  find  there  as  pure  a  gas  as  that  which  surrounds  the 
exterior  of  the  planet.    In  the  soil  many  slow  but  continuous  chemical 
reactions  are  going  on  between  the  air  and  the  solid  constituents,  and 
the  result  is  an  alteration  of  both  sets  of  elements ;  some  chemicals  of 
the  earth  and  rocks  are  transformed,  and  while  the  air  loses  some  part 
of  its  constituents  new  elements  are  added  to  it,  and  thus  its  normal 
composition  is  soon  altered.    This  is  the  reason  why  great  care  should 
alnrays  be  exercised  to  ascertain  the  condition  of  air  in  all  deep  cavi- 
ties, and  even  in  normal  excavations  if  they  are  rather  secluded.    The 
air  may  have  been  so  much  altered  in  its  composition  as  to  have  be- 
come unfit  for  the  maintenance  of  life,  and  cases  are  on  record  where 
it  consisted  almost  entirely  of  carbonic  acid.   Among  th6  investigators 
who  have  specially  concerned  themselves  with  the  chemical  composi- 
tion of  "ground''  air,  Boussingault  has  obtained  interesting  results, 
showing  that  while  1  cubic  meter  of  normal   atmosphere  contains 
about  4  deciliters  (or  0.216  gram)  of  carbon,  1  cubic  meter  of  ground 
air  contains  9  liters  (or  nearly  5  grams),  which  is  twenty-two  or  twenty- 
three  times  more.    In  recently  manured  soil  the  proportion  is  much 
more  considerable,  and  the  amount  of  carbonic  acid  may  be  twenty- 
four  times  as  great  as  in  atmospheric  air.    This  considerable  amount 
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of  carbonic  acid  in  ground  air  fuily  explains  a  number  of  accidents, 
inasinucli  as  while  the  proportion  of  this  gas  is  considerably  increased 
that  of  oxygen  is  greatly  diminished. 

Air  penetrates  to  a  great  depth  in  water,  whether  fresb  or  salt.  This 
is  shown  by  the  number  of  living  forms  found,  not  only  at  the  surfiice 
or  in  its  neighborhood,  but  at  the  greatest  depths  to  which  man  has 
yet  been  able  to  low^er  liis  nets,  dredges,  and  sounding  apparatoiw 
Since  living  organisms  exist  in  the  depths  of  the  ocean,  and  since 
they  are  physiologicall}-,  in  their  most  important  features,  constructed 
on  the  same  principles  as  those  which  live  near  the  surface,  it  is  obvi 
ous  that  in  the  waters  of  the  deep,  air  must  be  dissolved  of  which  they 
ta^ke  advantage  for  their  respiratory  functions.  Direct  and  prt«i8e 
observation  fully  confirms  this  inductive  reasoning.  Many  instrnmeuts 
have  been  devised  for  the  purpose  of  obtaining  water  from  different 
depths.  One  of  the  first  was  the  bottle,  which  was  used  by  the  Kiel 
committee.  This  bottle,  firmly  stopped  and  empty,  was  lowered  to  the 
required  depth,  and  a  sudden  pull  was  enough  to  cause  it  to  open,  the 
surrounding  water  tilling  it  in  a  few  seconds.  Many  similar  imple- 
ments have  been  since  invented  by  Bunsen,  Meyer,  Mill,  BuchanaD 
(Challenger) J  Ellman,  Sigsbee  (BlaJce)^  Eichard,  Yillegente,  and  Paal 
liegnard.  The  description  of  these  instruments  is  given  at  length  in 
many  works — for  instance,  in  T.  Thoulet's  Oceanographie  ( Vol.  I),  Paris, 
1890,  and  P.  Regnard's  La  vie  dans  les  eaux,  Paris,  1891 — where  the 
reader  who  desires  full  information  on  the  matter  may  find  it,  audit 
will  suffice  for  our  purpose  to  give  a  general  summary  of  the  resuUs 
obtained,  without  detailing  the  methods  by  which  water  is  brought  to 
the  surface  from  different  depths,  or  those,  familiar  to  all,  by  which 
the  gases  contained  in  water  are  extracted  and  submitted  to  chemical 
analysis.  In  short,  the  results  of  these  experiments  fully  and  coui- 
pletely  confirm  the  ox)inion  above  expressed,  that  even  at  the  greatest 
depths  water  does  contain  air;  that  the  atmosphere  extends  down  to 
the  nearly  unfathomable  abysses  of  the  ocean. 

As  to  rivers  and  lakes,  or  other  shallow  waters,  the  demonstration  is 
most  easy.  Their  water  contains  oxygen,  nitrogen,  and  carbonic  acid. 
But  it  is  a  noteworthy  fact  that  these  gases  are  not  to  be  found  in  the 
proportions  in  which  they  exist  in  the  atmo8i>here.  Strictly  speaking, 
one  can  not  say  that  there  is  any  air  in  water.  What  we  find  are  the 
elements  of  air,  the  latter  being  all  present,  but  their  i)roiK)rtion8 
being  different  from  those  in  the  normal  atmosphere.  For  instiince,  1 
liter  of  river  water  contains  from  1  to  8  cubic  centimeters  of  oxygen; 
from  12  to  18  cubic  centimeters  of  Jiitrogeu,  and  from  2  to  20  or  25  cubic 
centimeters  of  carbonic  acid.  These  proportions  differ  greatly  from 
those  which  these  three  constituents  have  in  normal  air,  and  it  must  be 
noted  that  the  variations  are  different  in  different  rivers  or  even  in 
the  same  river  when  examined  in  different  places.  Take  the  Seine 
River,  for  instance.    Each  liter  of  water  contains  32.1  cubic  ceutimetera 
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pas,  of  which  3.9  are  oxygen,  12  nitrogen,  and  li>.2  are  carbonic  acid, 
ke  the  Khoiie  Uiver,  on  tbe  other  hand,  and  you  find  34.8  cubic  centi- 
iters  of  |?as,  of  which  8.4  are  oxygen,  18.4  nitrogen,  and  8  carbonic  acid. 
lese  differences  are  less  surprising  after  reflection.  Eacli  river  may 
i\  «loea  differ  in  chemical  constitution  from  other  rivers,  and  even 
)in  itself,  at  different  times  and  places,  because  of  the  diflerencto  in 
o  iiatare  and  quantity  of  the  chemical  operations  going  on  in  the 
iter.  The  chemical  comi)Osition  of  the  banks  varies,  and  the  activity 
living  organisms  within  the  waters  also  varies.  Such  dift'erences 
ust  exert  their  influence  uiK)n  the  chemical  composition  of  the  latter, 
ad  we  have  abundant  proof  that  they  do  so.  If  the  water  of  the  same 
ver,  taken  at  different  places  at  the  same  moment,  is  tested  chemically, 
iflerenees  are  observed  which  are  sometimes  considerable.  For  in- 
tance,  the  Thames,  above  London,  contains  7.4  oxygen,  at  lliitnmer- 
mlth  4-7,  at  Somerset  House  1.5,  at  Woolwich  0.25.  AVhence  arise 
hese  considerable  variations?  They  are  easily  explained  by  the  fact 
hat  the  river  receives  a  large  quantity  of  organic  debris,  vegetables, 
lead  animals,  nnd  a  large  number  of  dead  or  dying  substances  or 
organisms:  the  debris  combines  with  oxygen,  and  thus  the  amount  of 
this  gsks  is  greatly  diminished.  The  consequence  is  that  the  flsh  often 
perish  through  asphyxia,  the  amount  of  oxygen  being  inade<]|uate.  The 
same  occurs  in  Paris.  After  its  passage  through  the  city,  the  Seine 
ia  generally  quite  unfit  to  support  the  life  of  most  aquatic  aninuUs. 
Many  species  are  not  to  be  seen  in  the  river  at  Paris,  nor  below  it  for 
some  distance,  although  found  above,  where  the  water  is  sufticiently 
pore  and  aerated,  and  some  10  or  20  miles  l)elow,  where  aeration  has 
been  sufficient  to  make  up  for  the  loss,  the  water  having  absorbed 
enough  fresh  oxygen  from  the  atmosphere. 

So  inufh  for  one  series  of  differences  in  aeration.  But  another  series 
exists  which  is  even  of  greater  interest.  The  aeration  of  waters,  or 
the  absorption  of  gases  by  water,  varies  according  to  general  external 
conditions,  among  which  temperature  and  pressure  rank  highest — not 
only  general  pressure,  but,  so  to  speak,  individual  pressure,  or,  to  put 
it  in  other  terms,  the  proportion  of  any  given  gas  in  a  mixture.  Under 
identical  conditions,  each  gas,  moreover,  has  its  own  special  coeflicient 
of  solubility.  While  nitrogen  is  feebly  soluble,  ammonia  is  highly  so. 
This  fact  helps  us  U)  understand  why  it  is  that  the  gases  which 
spontaneously  dissolve  in  water  in  contact  with  the  atniosi)here  do  not, 
when  extracted  from  the  water,  yield  a  mixture  even  distantly  conipa- 
rable  to  air:  how  it  is  that  the  elements  of  air  are  not  found  in  water 
under  the  proportions  they  bear  to  each  other  in  the  atmosphere. 
While  water  contains  the  constituents  of  air,  it  contains  such  propor- 
tions of  tliese  constituents  as  are  i)eculiar  to  it.  However,  the  latter 
are  provided  in  sufticient  qiiantitj-,  and  normal  river  water  is  (piite 
adequate  to  maintain  the  life  of  aquatic  animals.  This  applies  to  fresh 
waters  generally,  for  ponds  and  lakes  have  the  same  conditions  as 
rivers. 
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Some  special  points  are  to  be  noted  concerning  salt  water.  Of  coarse 
the  constituents  of  atmospheric  air  are  met  with  in  sea  water.  But, 
generally  speaking,  the  variations  in  the  proportions  of  these  constit- 
uents are  less  numerous  and  of  less  importance.  The  seas,  generally 
considered,  make  up  a  more  homogeneous  whole  than  any  river  of  large 
dimensions.  Between  the  south  Atlantic  and  the  north  Atlantic  less 
diflFerences  are  to  be  expected,  and  less  found,  than  in  the  Thames  or 
the  Seine,  below  and  above  London  or  Paris.  A  i)riori  it  is  obvious  that 
there  are  less  causes  of  diflference  in  aeration  in  the  two  parts  of  the 
Atlantic  than  there  are  in  any  of  the  two  rivers  in  two  x)oint8  not  10 
miles  apart.  It  is  quite  obvious  also  that  local  differences,  sueli  as 
exist  at  the  mouth  of  a  great  river  that  has  just  passed  through  a 
large  town,  as  is  the  case  with  the  Hudson,  the  Thames,  or  the  Gironde, 
mast  be  very  soon  dissipated  in  the  enormous  mass  of  the  ocean 
through  the  agency  of  tides,  currents,  and  winds.  Upon  the  whole, 
generally  speaking,  none  of  those  local  diflFerences  are  of  any  real 
importance.  There  are,  however,  diflferences  which  shoald  be  noticed, 
but  their  causes  are  quite  diflFerent  from  those  which  obtain  in  the  pre- 
ceding case.  The  most  important  are  observed  when  we  compare  speci- 
mens of  water  obtained  from  diflFerent  depths.  Carpenter  noticed  tlie 
fact  and  comparing  specimens  of  water  obtained  in  the  same  vertical 
line,  at  depths  of  750,  800,  and  862  fathoms,  he  observed  the  following 
composition  of  the  air  extracted : 


Oxygen 18.8  17.8 

Nitrogen 49.3  48.5 

Carbonic  acid 81.9  33.7 


800  f*thom«.    862  fatbonu. 
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While  the  proportion  of  oxygen  decreases  with  increasing  depth,  that 
of  carbonic  acid  increases  in  a  marked  manner.  No  very  satifactorj 
explanation  of  this  fact  has  been  yet  iirovided. 

We  have  now  sufficiently  dwelt  upon  this  topic,  and  none  will  doubt 
that  air — that  is,  the  constituents  of  air,  to  put  it  in  exact  terms — inti- 
mately mingles  with  the  waters  that  cover  three-fourths  of  our  i>lanet. 
While  waters  do  not  contain  atmospheric  air  as  such,  and  while  the 
gases  dissolved  in  them  do  not  make  up  normal  air,  they  contain  the 
elements  of  the  latter,  and  the  proportions  are  sufficient  to  maintain 
a(|uatic  life.  We  may  consider  that  these  elements  are  found  in  water, 
even  at  the  most  considerable  depths,  although  we  have  no  positive 
proof  of  it. 

Now,- it  is  quite  clear  that  since  thv.  mass  of  the  waters  contains 
organisms  that  breathe  and  live,  and  since  life  goes  on  notwithstand- 
ing the  unceasing  production  of  carbonic  acid  and  the  destruction  of 
oxygen,  both  necessary  consequences  of  their  life  and  respiration,  there 
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cist  some  unceasing  agency  by  means  of  which  new  oxygen  is 
iiid  carbonic  acid  carried  away.  Otherwise  aqnatic  life  would 
^ase.  In  other  terms,  there  must  exist  a  i>erpetual  exchange 
n  the  ^ases  dissolved  in  the  waters  and  those  which  make  up 
Qosphere,  just  as  there  goes  on  a  perpetual  exchange  between 
of  any  i>lace  where  the  atmosphere  is  vitiated — a  town,  a  mann- 
■y  a  room — and  the  air  of  the  streets  or  surrounding  country. 
e  exchanges  which  go  on  between  air  and  water,  and  between  the 
1  atmosphere  and  those  multitudinous  centers,  great  or  small, 
the  normal  proportions  of  the  gases  of  air  are  being  constantly 
I,  must  indeed  be  most  nicely  adjusted,  since  by  no  method  have 
t  been  able  to  detect  any  alteration  in  the  composition  of  the 
phere.  The  equilibrium  must  be  unceasingly  maintained.  That 
^rium  is  a  very  interesting  matter.  Interesting  in  two  senses — 
cally,  since  life  dei)ends  upon  it,  and  from  the  scientific  point  of 
as  it  is  the  consequence  of  a  general  established  law. 
8^,  then,  is  that  exchange  effected  between  air  and  water,  without 
I  life  would  soon  extinguish  all  life,  without  which  the  living 
lisms  of  water  would  soon  render  life  impossible  to  themselves  and 
;ir  congeners t  By  means  of  what  may  be  termed  "the  breathing 
e  waters."  The  waters  breathe — that  is,  expire  obnoxious  gases 
nspire  those  that  are  useful;  they  expel  carbonic  acid  and  collect 
en.  Diffusion  is  the  main  agency  of  this  grand  function  of  waters, 
t  is  enough  that  both  air  and  water  be  in  presence  and  contact  to 
e  the  operation.  But  difiusion  is  not  alone  at  work;  another 
ey  cooperates.  It  does  not  at  first  seem  that  dust  would  have 
influence,  and  few  would  8upi)Ose  that  it  plays  any  part  here.  It 
,  however,  and  the  enormous  quantity  of  it  which,  imperceptibly  in 
cases,  is  carried  from  the  land  over  the  seas,  where  it  falls  and 
ly  sinks  to  settle  at  the  bottom  as  a  soft  red  or  gray  mud — the  first 
1?  of  new  strata  of  rocks — is  a  great  help  toward  the  respiration  of 
;ea8.  As  J.  Thoulet  has  shown,  every  particle,  however  small  and 
ite,  carries  some  air  which  adheres  to  it  and  does  not  escape  when 
iierged:  this  air  slowly  dissolves  in  the  surrounding  water.  The 
rimental  proof  is  easy.  Bring  some  water  to  the  boiling  point,  in 
r  to  exx>el  the  gases  dissolved  in  it,  and  then  add  some  potash  and 
•gallic  acid.  This  mixture  turns  black  when  in  presence  of  oxygen 
eason  of  the  action  of  the  latter  on  the  acid.  Under  ordinary  con- 
ms,  the  experiment  being  thus  prepared,  what  One  witnesses  is 
:  The  surface  of  the  water  blackens  and  the  black  color  extends 
ly  toward  the  bottom,  according  to  the  ratio  of  diffusion  of  atmos- 
ic  oxygen  in  the  mixture.  The  rapidity,  or  rather  slowness,  of  the 
ige  of  color  is  the  measure  of  the  slowness  of  diffusion.  Now,  throw 
i  fine  dust  into  the  vessel  containing  the  water  so  prepared.  What 
)en8  then  is  that  each  grain  or  particle,  while  falling  through  the 
d,  leaves  behind  it  a  black  line  which  marks  its  path  exactly,  and 
8M  96 10 
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there  are  as  many  vertical  streaks  in  the  colorless  solution  as  there 
were  particles  of  dust  thrown  into  it.  Ea^h  particle's  atmosphere  of 
air  acts  upon  the  i^yrogallic  acid,  and  instantly  causes  the  change  of 
color.  The  experiment  is  a  very  elegant  one,  and  provides  a  very  con- 
vincing demonstration,  and  when  one  thinks  of  the  number  of  dust 
particles  (either  of  terrestrial  origin  or  coming  from  the  interplanetary 
spaces  under  the  form  of  microscopical  meteorites)  which  uninternipt 
edly  pour  down  on  the  oceans  like  some  paradoxical  dry  rain,  it  is 
conceivable  that  the  importance  of  these  infinitesimal  particles  to  all 
aquatic  organisms  is  great.  From  this  point  of  view,  a  catastropbe 
like  that  of  Krakatoa  becomes  a  blessing,  and  each  volcanic  outbreak 
with  its  concomitant  cloud  of  dust  and  cinders,  which  often  spreads 
over  hundreds  of  square  miles,  and  gives  forth  a  soft  slow  rain  of  solid 
particles  which  fall  through  the  air  to  the  water  and  thence  to  the 
underlying  abysses,  is  doubtless  a  benefit  to  aquatic  organisms.  It 
may  seem  absurd  to  speak  of  the  beneficial  influence  of  volciinic  catas- 
trophes upon  the  denizens  of  the  ocean;  the  faet  is  nevertheless  incon- 
testable. Nature  abounds  in  such  curious  and  unexpected  interactions. 
Most  of  these,  as  yet,  escape  us,  but  some  now  and  then  become  apparent^ 
and  go  to  show^  how  difficult  and  complex  is  the  study  of  life  or  biology, 
in  its  real  sense,  and  how  essential  is  the  knowledge  of  circamstautes 
and  surroundings. 

The  experiment  which  has  just  been  referred  to  suggested  to  Paul 
liegnard  the  means  of  measuring,  so  to  speak,  the  rapidity  of  the  ocean's 
respiration,  the  rapidity  of  diffusion  of  the  aerial  gases  in  Avater,  and 
especially  that  of  oxygen,  which  is  the  most  important  for  organisms. 
The  method  is  very  simple.  All  that  is  required  is  a  large  glass  tube, 
some  3  yards  long,  closed  at  the  lower  end,  placed  vertically,  and  tilled 
with  water  holding  Ooupier  blue  in  solution,  saturated  with  hydrosul- 
[)hide  of  soda.  This  solution,  a  pale  yellow  in  color,  turns  blue  under 
the  influence  of  oxygen.  The  tube  thus  filled  is  left  to  itself  and  each 
day  an  observation  is  made  of  the  point  to  which  the  blue  layer  has 
extended.  The  first  day  the  mere  surface  only  is  blue,  but  by  degrees 
the  underlying  strata  also  turn  blue,  according  to  the  rapidity  with 
w  hich  atmospheric  oxygen  diffuses  and  is  absorbed.  Under  snch  cir- 
cumstances, P.  Eegnard  noted  that  in  the  course  of  three  months  oxygen 
diffused  no  farther  than  about  a  yard  from  the  surface,  and  the  rate  of 
propagation  is  hardly  a  centimeter  per  day.  If  such  is  the  normal 
ratio,  air  penetrates  water  at  the  rate  of  4  meters  per  year,  and  if,  **at 
the  beginning" — of  which  so  innch  is  said,  and  so  little  known  or  know- 
able — the  sea  was  entirely  devoid  of  oxygen,  no  less  than  a  thousand 
years  were  required  to  allow  atmospheric  oxygen  to  penetrate  to  the 
depth' of  4,000  meters,  a  depth  which  we  all  know  is  not  uncommon  in 
the  ocean. 

It  is  thus  seen  that  the  respiration  of  waters  is  very  slow — at  legist  it 
is  very  slow  so  far  as  diffusion  alone  is  concerned.     But,  as  already 
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loticed,  diffusion  is  not  tlie  sole  agency,  and  it  is  quite  clear  tliat  tlie 
K^hite  crested  waves,  all  foam  and  sparkling  with  air  bubbles,  tbat  the 
K-iiidsy  the  currents,  the  tides,  and  lastly  tbe  dust  particles  have  done 
ftnd  are  doing  niach  to  hasten  tbe  process,  and  accelerate  the  execu- 
tion of  the  great  respiratory  function  of  the  deep.  No  method,  unfortu- 
Dateiy«  has  yet  been  devised  for  measuring  tbe  rapidity  of  this  process; 
and  before  it  can  l>e  done,  some  manner  by  which  the  approximate 
Damber  of  dust  particles  falling  into  the  seas  can  be  as(;ertained  should 
of  course  be  discovered.    The  problem  is  a  difficult  one,  truly. 

II. — Air  from  the  Chemical  Point  of  View. 

Considered  by  the  ancients,  and  even  by  modern  philoso])heL's  till 
a  very  recent  period,  as  one  of  the  f(mr  initial  elements  (earth,  air, 
-water,  and  fire),  air  was  unable  to  keep  this  position  after  the  birth  of 
modern  chemistry.     Like  most  other  substances  it  has  had  to  reduce 
considerably  its  pretensions.    They  were  of  no  avail  in  presence  of 
the  methods  of  chemistry.    Instead  of  being,  as  formerly  sup])osed,  an 
element,  a  homogeneous  matter  out  of  which  no  known  method  of 
reduction  can  obtain  two  or  more  ditt'ering  substances,  air  has  shown 
itj^lf  to  be  nothing  more  than  a  mixture  of  difierent  elements.    A  mix- 
tare,  a  mechanical  mixture;  not  a  compound.    Air  is  not  like  water,  in 
which  two  gases,  oxygen  and  hydrogen,  are  combined  and  make  up  a 
third  body  exceedingly  different  in  properties  from  those  out  of  which 
it  is  made,  nor  like  the  enormous  number  of  compounds  known  to 
chemistry  in  which  two  or  more  elementary  substances  are  combined 
in  definite  proportions  and  form  new  substances  more  or  less  pecul- 
iar, but  invariable,  and  possessing  properties  which  neither  of  the 
elements  possesses;  it  is  a  mixture  only.    This  may  be  demonstrated 
in  various  ways.     When  nitrogen  and  oxygen,  the  fundamental  elements 
of  the  air,  are  mixed  together,  no  heat  is  evolved,  no  heat  is  absorbed, 
as  is  the  case  in  the  preparation  of  most  cx>mpounds.     Again,  the 
refiingency  of  air  is  equal  to  the  mean  of  the  refringency  of  oxygen 
and  nitrogen  when  experimentally  mixed  in  the  proportions  in  which 
they  CHuiuT  in  the  atmosphere;  and  the  ratio  of  oxygen  to  nitrogen  is 
not  a  simple  one;  lastly,  when  in  presence  of  air,  water  dissolves  differ- 
ent pn)iK)rtion8  of  the  different  constituents  of  the  former;  it  dissolves 
each  gas  according  to  its  own  proper  coefficient  of  solubility. 

These  four  proofs  are  considered  as  more  than  sufficient  to  show  that 
air  is  a  mixture,  not  a  compound.  It  may  be  added,  moreover,  that 
while  the  comi>osition  of  the  atmosphere  is  fairly  uniform  as  a  whole, 
it  is  not  absolutely  so;  the  one  or  the  other  constituent  is  more  or  less 
abundant  according  to  circumstiinces.  No  chemical  compound  offers 
such  variability  in  composition;  its  constituents  are  constant,  always 
tbe  same*,  and  in  the  same  ratios,  while  in  a  mixture  every  variation  is 
IM>s8ibIe,  and  may  be  expected. 
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And  now,  what  are  the  constituents  of  this  mixture f  Our  knowl- 
edge of  these  elements,  as  well  as  that  of  air  itself,  considered  as  a 
whole,  is  of  recent  date.  While  it  would  require  more  space  than  we 
can  spare  to  give  a  full  historical  account  of  the  chemistry  of  air,  the 
principal  facts  may  be  briefly  summarized. 

As  has  been  previously  stated,  a  French  physician,  Jean  Bey,  was 
the  first  who  proved  the  materiality  of  air,  and  his  experiment  was 
repeated  and  confirmed  by  Galilt^o  in  1640,  and  by  Otto  von  Guericke 
in  1650,  Jean  Mayow,  in  1669,  was  the  first  to  prove  that  air  is  not  an 
element,  a  homogeneous  substance.  He  suspected  the  fact  that  air 
contains  two  different  gases,  of  which  the  one,  which  he  called  "nitro^ 
aerial,"  maintains  combustion  or  fire  and  respiration,  while  the  other 
does  nothing  of  the  sort.  In  short,  he  suspected  the  presence  of  the 
two  different  gases  which  are  now  named  oxygen  and  nitrogen.  Had 
he  lived  longer,  Mayow  might  have  discovered  the  facts  which  are  Uie 
basis  of  Lavoisier's  fame. 

In  1774  Priestly*  made  a  great  step  in  the  right  direction  when  he 
succeeded  in  obtaining  the  separation  of  the  two  principal  gases  which 
make  up  air,  and  on  the  same  date  Scheele^  did  the  same,  going  some 
what  further,  as  he  discovered  the  ratio  of  what  he  called  "dephlo^ 
gisticated  air"  (or  oxygen)  to  "phlogisticated  air"  (or  nitrogen).  Both, 
however,  fell  into  the  same  error.  Both  considered  the  two  gases  as 
identical,  but  possessing  different  properties.  No  doubt  the  properties 
are  different,  but  the  differences  are  inherent  to  the  gases  themselves; 
the  one  is  not  a  form  of  the  other  and  can  not  be  transformed  into  the 
other,  and  the  differences  are  much  more  numerous  than  these  two 
pioneers  of  chemistry  perceived. 

To  Lavoisier  was  reserved  the  honor  of  providing  precise  and  unas- 
sailable knowledge  concerning  the  nature  and  composition  of  air.  To 
prove  that  air,  as  already  demonstrated,  is  made  up  of  two  elements, 
the  one  adequate  the  other  inadequate  to  maintain  combustion  and 
respiration,  was  no  difficult  task.  But  he  went  farther  on  his  road  by 
means  of  the  following  exi>eriment,  one  that  is  fundamental  in  the 
history  of  chemistry:  He  placed  a  known  amount  of  mercury,  carefully 
weighed,  in  a  retort  whose  long  curved  neck  opened  into  an  inverted 
glass  tube  placed  on  a  mercury  trough.  By  means  of  a  curved  pipette 
he  sucked  out  part  of  the  air  in  the  tube,  and  consequently  the  mercury 
rose  within  it  to  some  height.  The  point  to  which  the  mercury  rose 
was  carefully  marked,  and  then  the  retort  was  submitted  to  the  influ- 
ence of  heat.  The  temperature  was  360°  C,  and  on  the  second  day 
he  perceived  that  small  red  pellicles  were  forming  at  the  surface  of  the 
mercury.  During  a  week,  the  heating  being  continued,  the  pellicles 
kept  forming,  and  then  no  more  appeared.  He  kept  up  his  fire  during 
four  days  more  and  then  put  it  out.    When  the  sipparatns  was  cooled 


>  Born  in  England  in  1733;  died  in  PeuuBylvania,  1804. 
^Born  in  Sweden  in  1742;  died  1786. 


^as  corresponded  exactly  with  the  volume  of  air  which  had  dis- 
used in  the  preceding  experiment,  and  this  gas  was  fuUy  able  to 
tain  combustion. 

us  was  i^erformed  the  first  analysis  of  air,  and  Lavoisier  came  to 
sonclnsiou  that  that  fluid  contains  two  gases — one  whi(;h  forms 
;ixth  of  the  whole  volume  and  is  favorable  to  combustion  and 
ration,  while  the  other,  amounting  to  five-sixths  of  the  whole 
me,  is  favorable  to  neither.  The  first  was  oxygen;  the  last  azote, 
itrogenJ 

is  now  more  than  a  century  since  these  facts  were  discovered,  and 
,me  the  corner  stones  of  modern  chemistry.  Up  to  that  time  it  was 
i  empirical  alchemy,  and  a  fabric  of  erroneous  notions.  A  number 
lethods,  much  superior  as  far  as  precision  is  concerned,  have  been 
sed  for  the  purpose  of  air  analysis,  and  of  gas  analysis  generally. 
le  endiometric  method,  propounded  byGay-Lussac  and  Humboldt, 
ae  of  the  best  known.  It  is  based  uix)n  the  fact  that  if  hydro- 
is  added  to  air,  and  the  electric  spark  passed  through  the  mix- 
^  the  oxygen  of  the  air  and  the  hydrogen  added  to  the  mixture 
bine  in  definite  and  constant  ratio  and  form  water.  A  very  simple 
nlation  gives  the  amount  of  oxygen  contained  in  the  mixture.  The 
^hing  method  of  J.  B.  Dumas  and  Boussingault,  invented  in  1841, 
uite  different.  It  is  based  upon  the  fact  that  when  air,  depnved 
queous  vapor  and  carbon  dioxide,  is  made  to  pass  through  a  tube 
Laining  metallic  copper  reduced  by  means  of  hydrogen,  and  heated 
edness,  it  yields  its  oxygen  to  the  copi^er,  and  if  the  copper  is 
ghed  before  and  after,  the  amount  or  weight  of  oxygen  contained  in 

x'nInmA  nf  air  pYnprim**nt/>'fl  iinnn  is  at.  nnp^  kTinwn.      Tf  thp  rpmiiin- 
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etc.,  but  this  is  not  the  place  to  describe  them,  and  all  text-books  of 
chemistry  give  a  full  account  of  them. 

It  is  enough  for  our  purpose  to  know  that  it  is  fully  establishetl  that 
atmospheric  air  is  a  mixture;  that  this  mixture  is  principally  made  up 
of  oxygen  and  nitrogen,  and  that  we  are  provided  with  methods  and 
implements  by  means  of  which  air  may  be  analyzed,  and  the  least 
traces  of  its  constituent  elements  detected.^ 

These  elements  are  numerous,  but  they  differ  greatly  in  imiwrtance. 

Fundamentally,  air  comprises  20.81  volumes  of  oxygen,  79.19  volames 
of  nitrogen,  and  some  ten -thousandths  of  carbon  dioxide.  In  some 
localities  or  under  certain  circumstances  a  few  other  ^  gases  may  also 
be  found  in  air,  in  very  small  quantities. 

We  must  now  consider  in  turn  each  of  these  elements. 

Oxygen  comes  first.  Not  that  it  is  present  in  the  greatest  abundauce, 
but  from  many  points  of  view  it  is  a  most  important  part  of  the 
atmosphere. 

This  gas  is  heavier  than  air  as  a  whole  (while  nitrogen  is  lighter), 
and  in  1,000  liters  of  air  there  are  208  liters  of  oxygen  against  792  of 
nitrogen.  This  ratio  seems  to  be  constant,  although  Dalton  and  Babi 
net,  arguing  theoretically,  supposed  that  oxygen  is  less  abundant  in 
the  air  at  high  altitudes,  and  that  the  proportion  of  this  gas  deci'eases 
as  the  distance  from  the  sea  level  is  increased — oxygen  being  rather 
more  abundant  in  low  regions,  and  near  the  surface.  Of  ex)ur8e,  if  such 
were  the  case,  the  reverse  would  obtain  for  nitrogen.  This  gas  should 
be  more  abundant  at  high  levels,  and  less  near  the  sea  level.  Accord 
ing  to  the  views  of  Dalton  and  Babinet,  at  10,000  meters  above  the  sea 
level,  1,000  liters  of  air  should  contain  only  184  liters  of  oxygen  against 
816  of  nitrogen.    These  speculations  may  be  interesting,  but  as  they 


•  In  view  of  recent  facts  this  is  too  positive  a  sentence.  Great  was  the  surprise  of 
the  cheiuists  when  they  heard  that  Lord  Ray lei^h  and  Professor  Ramsay  had  discov- 
ered a  new  element  in  atmospheric  air.  This  should  inspire  them  with  some  caution, 
and  induce  them  not  to  put  so  much  faith  in  the  infallibili<y  of  their  metho<ls. 
More  of  this  hereafter.     [Noto  added  to  proofs  in  1896]. 

'^To  the  normal  constituents  of  atmosphere  one  remains  to  be  added,  and  that  id 
argon,  discovered  in  tbe  year  1894  by  Lord  Rayleigh  and  Professor  Ramsay,  to 
whom,  on  this  acconnt,  the  $10,000  Thomas  Modgkins  prize  has  been  most  deservedly 
awarded. 

Argon,  thus  called  because  it  seemed  to  bo  nn  inert  and  inactive  gna,  slow  to 
combine  with  other  substances,  was  certainly  contained  in  Cavendish's  test  (nl)es. 
but  Cavendish  considered  it  as  nitrogen,  and  thus  failed  to  add  this  snbstauce  to 
the  list  of  cheuiical  elements.  Argon  is  present  in  the  atmosphere  iu  the  proportion 
of  Homowhat  less  than  1  per  cent;  M.  Th.  Sehloesing  obtains  0.935  argon  for  100 
air,  in  volumes.  MM.  MacDonald  and  Kellar  have  in  A'ain  endeavort»d  to  detect 
argon  in  the  chemical  constitution  of  animals  and  plants  (mice  and  pease),  bnt  Mr. 
Ramsay  has  found  it  in  meteoric  iron.  Argon  liquefies  at — 128^  under  38  atmos- 
pheres pressure,  and  freezes  at — 189^.  It  is  not  as  inactive  as  at  first  supposed, 
as  Berthelot  has  been  able  to  combine  it  with  benzine  under  the  influence  of  the 
(deotric  discharge.  This  gas  does  not  seem  to  ]day  any  active  part  in  respiration;  it 
in  inert  and  useless,  like  nitrogen.     [Note  added  to  proofs,  1896.] 
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are  in  direc^t  contradict  ion  with  positive  facts  and  observations  we  may 
dismiss  tlieiu  iis  *'  children  of  fancy."    Tlie  chemist  Thr*nard  analyzed 
air  collet'ted  at  7,000  meters  height  by  (Tay-Lussac,  and  found  no  trace 
of  such  diftereiice.     Similar  observations,  due  to  Dumas  and  Boussin- 
gault.  prove  that  these  theories  are  not  sustained  by  stern  reality,  and, 
in  brief,  elieiuists  ai*e  agreed  that,  as  far  as  oxygen  and  nitrogen  are 
conceme*l,  tbe  composition  of  atmospheric  air  is  uniform  and  constant, 
with  very  slij^ht  exceptions.    This  is  the  result  of  numerous  observa- 
tions made  in  different  and  distant  places,  at  different  heights,  at  dis- 
tant ei>oi>lis,  and  Dumas  and  Houssingault,  who  have  devoted  much 
work  and  time  to  the  matter,  have  always  obtained  similar  ratios,  or  at 
least  ratios  so  nearly  identical  that  the  differences  are  not  more  con- 
siderable thau  may  occur  in  the  best-conducted  experiments — they  keep 
within  the  limits  of  unavoidable  errors.     So  we  may  consider  trir  as 
being  as  perfectly  uniform  in  composition,  as  it  might  be  expected  to 
be  in  view  of  the  circumstances. 

Now,  where  did  this  oxygen  originate!  Whence  does  it  comet  From 
what  source  is  it  supplied?  A  complete  answer  to  this  question  can 
only  be  given  by  those  who  know  how  things  stood  in  the  beginning, 
and  who  understand  the  origin  of  matter,  force,  life,  and  some  other  of 
those  troublesome  and  perplexing  problems.  Oxygen  must  be  a  very 
anciently  establishtHl  inhabitant  of  our  planet,  and  its  origin,  like  that 
of  the  *'old"  fatnilies,  is  lost  in  obscure  mystery.  At  all  events  there 
it  is,  and  wherever  it  comes  from,  howsoever  it  has  been  evolved,  one 
thing  seems  positive,  and  that  is  the  fact  that  there  are  at  present, 
as  far  as  wv  know,  no  important  sources  whence  a  considerable  amount 
of  this  gas  may  be  derived  and  added  to  the  current  stock.  In  view 
of  this,  the  stability  of  its  normal  ratio  in  the  air,  notwithstanding  the 
enormous  quantity  of  it  consumed  by  living  beings  and  in  combustion, 
be<;ome8  a  riddle  well  worthy  of  some  attention. 

We  know  that  the  entire  atmosphere  contains  over  one  million  billions 
of  kilograms  of  oxygen;  that  nearly  one-half  of  the  weight  of  the 
minerals  of  our  globe  is  oxygen;  that  eight-ninths  of  the  weight  of 
water  consists  of  this  same  gas,  which  is,  moreover,  abundantly  present 
in  the  tissues  of  all  living  organisms.  On  the  other  hand,  we  know 
at  present  of  but  one  source  of  oxygen,  discovered  by  Priestley,  and 
further  investigated  by  Perceval  and  Senebier.  I  refer  to  plants.  It 
is  a  fact  familiar  to  all  that  plants  are  endowed  with  the  faculty — 
ascribed  to  the  chlorophyll  contained  in  their  tissues' — of  breaking  up 
carb<»n  dioxide  into  its  elements;  that  is  to  say,  into  carbon  which  goes 
to  the  repair  or  increase  of  the  tissues,  and  oxygen,  which,  on  being 
freed,  diffuses  itself  throughout  the  surrounding  atmosphere.  There 
certainly  is  one  source  of  oxygen.  Are  there  any  others?  Their 
existence  is  doubtful.    Of  course  we  know  that  a  number  of  chemical 

•'Pbe  t'Act  \>  proba1>Ie  but  not  certain,  for  chlorophyll  liiis  not  yet  hvtm  satisfactorily 
Mparuted  from  the  tisHiies  in  order  to  investigate  its  cheuiicul  powers. 
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reactious  effect  the  liberation  of  oxygen,  water  electrolysis,  the  decom- 
position of  chlorate  of  potassium,  or  of  salphuric  acid  under  the  intia- 
ence  of  heat,  for  instance;  but  do  any  of  these  chemical  processes, or 
any  others  similar  in  result  if  not  in  method,  occnr  in  nature  on  any 
important  scale  f  We  do  not  know,  but  it  seems  doubtful.  At  all  events, 
since  the  composition  of  the  atmosphere  remains  fairly  constant,  there 
must  be  some  agency  by  means  of  which  the  enormous  mass  of  oxygen 
which  is  daily,  hourly,  at  every  moment,  absorbed  in  consequence  of 
the  organic  and  inorganic  combustions  occurring  over  the  whole  globe, 
is,  sooner  or  later,  returned  to  the  atmosphere.  Plants  are  the  oolj 
agency  at  present  known  by  which  this  process  is  effected.  At  all 
events  they  effect  part  of  it.  But  are  they  equal  to  the  task  of  effect- 
ing the  whole?  The  question  has  not  been  yet  answered  in  quite 
satisfactory  terms.  Mr.  T.  L.  Phipson  has  recently  endeavored  to  fill 
this  gap,  and  to  show  that  plants  are  even  a  more  imix)rtant  source 
of  oxygen  than  is  commonly  admitted.  He  cultivated  a  convolvulus 
plant  in  an  artificial  atmosphere,  entirely  devoid  of  oxygen,  but  con- 
taining some  proportion  of  carbon  dioxide,  with  the  result  that  a  part 
of  the  latter  gas  disappeared,  its  place  being  taken  by  oxygen,  which 
can  only  have  been  evolved  by  the  plant.  Mr.  G.  Meyer  had  previously 
expressed  the  opinion  that  oxygen  is  thus  generated,  but  Mr.  Phipson's 
experiment  is  of  great  interest.  The  whole  matter  is  very  important, 
for,  if  the  oxygen  contained  in  the  atmosphere  has  been  evolved  by 
plants,  one  may  ask  whether  there  has  not  been  some  time  when  the 
atmosphere  was  very  poor  in  oxygen  and  very  rich  in  carbon  dioxide, 
and  whether  some  time  may  not  arrive  when,  conversely,  the  atmos- 
phere will  be  well  provided  with  oxygen  and  very  deficient  in  carbon 
dioxide.  If  such  were  to  be  the  case,  the  equilibrium  and  homogeneity 
of  air,  as  far  as  its  composition  is  concerned,  would  be  very  unstable 
and  temporary  matters.  But  no  answer  of  a  satisfactory  character  can 
yet  be  given  to  such  questions. 

It  may  be  added  that,  according  to  less  recent  data,  I  hectare  (a 
little  over  2  acres)  of  forest  exhausts  each  year  the  atmosphere  of  some 
11,000  kilograms,  or  5,596  cubic  meters,  of  carbon  dioxide,  while  in 
return  it  yields  nearly  as  much  (5,594  cubic  meters)  oxygen.  A  field 
of  oats,  similarly,  returns  about  as  much  oxygen  as  it  absorbs  carbon 
dioxide.  Perhaps  other  agencies  are  at  work  and  make  up  for  the  enor- 
mous consumption  of  oxygen  effected  by  human,  animal,  and  plant  res- 
piration, and  by  inorganic  combustions  generally,  and  it  does  not  seem 
to  us  that  adequate  proof  has  yet  been  furnished  that  {>lants  alone  are 
able  to  return  to  the  atmosphere  the  oxygen  which  they,  with  all  other 
living  beings,  take  from  it.  Leaving  out  of  the  question  the  subject  of 
the  origin  of  oxygen,  it  is  very  difficult  to  ascertain  the  methods  by 
which,  notwithstanding  an  enormous  consumption,  the  ratio  of  this 
gas  remains  fairly  constant  at  the  present  time. 

While  the  proportion  of  oxygen  in  air  is  constant,   or  tolerably 


vhere  the  destruction  of  oxygeo  Is  uot  compeusated  by  rapid 
ition,  tbe  proportion  of  tliis  gas  to  the  rcmaiDder  of  tho  air  muHt 
se.  Uuder  the  same  couditions,  of  course,  the  ratio  of  carbon 
e  must  and  does  increase,  as  repeated  observations  have  shown, 
ich  local  accidents,  sach  limited  alterations  of  the  composition 
air,  have  no  influence  on  the  general  atmosphere;  they  are 
rarj-.  very  slight,  and  therefore  rapidly  obliterated.  Even  the 
atiou  of  some  two,  three,  orfoor  million  inhabitants,  as  in  a  large 
Ices  not  afi'ect  the  composition  of  the  air  of  the  streets;  and 
m,  Chicago,  or  Paris  exert  no  more  influence  on  tbe  surrounding 
pbere,  into  which  they  pour  torrents  of  carbon  dioxide,  than  any 
,  for  instance,  where  the  case  is  reversed,  and  where  oxygen  is 
ced  in  abundance.  Diffusion  talies  place  immediately,  and  no 
triable  alteration  can  be  detected,  save  in  very  limited  spaces  and 
short  period.  And  while  the  one  gas  is  being  removed  in  one 
it  is  being  added  in  another,  and  thus  a  compensation  is  rapidly 

Hi. 

Je  need  be  said  concerning  nitrogen.  This  gas,  as  already  stated, 
iscovered  by  Priestley,  and  Lavoisier  showed  that  it  is  one  of  the 
nts  of  air.  Its  weight  is  lighter  than  that  of  air  as  a  whole,  and 
liters  of  air  there  are  70  of  nitrogen.  It  neither  burns  nor  maiu- 
combnstion;  it  plays  no  part  in  respiration;  it  can  not  help  to 
ain  life.  Not  that  it  has  any  toxic  properties,  assuredly ;  but  it 
rt,  inil ifferent,  inactive.  Little  is  known  concerning  its  origin, 
now  that  some  mineral  springs,  sulphuroas  springs  particularly, 
a  certain  amount  of  nitrogen,  and  the  air  ejected  from  the  lungs 
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liters  of  siir.  This  gas  is  comparatively  heavy,  and  Priestley  was  cog- 
nizant of  the  fact  that  it  is  auable  to  sui)port  combustion  or  resiuratioD. 
The  proi)ortions  in  air  are  not  uniform  and  constant;  they  vary  according 
to  circumstances  and  places  much  more  than  is  the  case  with  the  other 
gases.  As  early  as  1827  DeSaussure  discovered  very  marked  diflerences, 
obtaining  as  extreme  figures  3.15  and  5.74  per  10,000.  More  recently, 
Boussingault  and  Levy,  comparing  the  proportion  of  carbonic  acid  in 
the  air  of  Paris  with  that  in  the  air  of  Andilly  (a  small  village  some 
12  miles  from  Paris,  near  Montmorency),  found  also  a  notable  difference 
between  the  two,  there  being  3.19  (per  10,000)  in  Paris  and  2.99  in 
Andilly.  Again,  a  somewhat  smaller  difference  has  been  noticed  by 
Roscoe  and  McDongall  between  the  air  in  Manchester  and  that  of  the 
surrounding  country;  but  at  Clermont-Ferrand,  in  central  France, 
Truchot  found  3.15  i>er  10,000  and  but  2.03  at  the  toi)  of  the  Piiy  de^ 
Dome,  a  neighboring  mountain,  and  1.72  at  Pic  de  Sancy,  another  ymk 
of  the  same  group. 

These  instances  are  enough,  we  presume,  to  show  that  the  ratio  of  car- 
bonic acid  to  the  total  volume  of  the  air  varies  considerably,  much  more 
than  that  of  the  two  previously  mentioned  gases,  and  that  this  wm- 
ponent  is  more  abundant  in  cities  than  in  the  country.^  This  should  not 
occasion  wonder,  as  the  amount  of  carbonic  acid  varies  according  to 
various  ('ircumstances  of  time  and  place.  For  instance,  De  Saussure 
noted  that  it  increased  during  the  night  and  during  cloudy  weather; 
its  ratio  changes  with  the  season,  from  one  year,  and  even  from  one 
month,  to  another,  irregularly,  and,  in  fact,  from  day  to  day.  Above  the 
ocean  tlie  variations  are  less,  and  in  mid  ocean  the  air  is  purer  than 
over  the  continents.    The  same  obtains  on  high  mountains. 

If,  instead  of  considering  the  composition  of  air  collected  in  the 
streets,  in  the  country,  or  on  mountains,  we  compare  rather  that  which 
we  breathe  in  dwellings  and  in  all  confined  spaces  where  ventilation 
is  more  or  less  deficient,  and  where  organic  and  inorganic  combustions 
take  place,  with  that  which  obtains  in  the  open,  the  differences  are  still 
greater.  Of  course,  it  should  be  so.  We  must  not  forget  that  the  air 
which  each  one  of  us  expels  through  mouth  or  nose,  at  this  very 
moment,  contains  nearly  a  hundred  times  more  carbonic  acid  than  was 
contained  in  the  same  air  when  we  inhaled  it  a  few  seconds  ago.  This 
being  the  case,  it  is  sufficient  to  imagine  a  confined  room  where  one  or 
many  pervsons  are  sitting;  there  most  certainly,  provided  the  experiment 
lasts  long  enough,  we  shall  find  many  different  and  increasing  propor- 
tions of  carbonic  acid.  That  is,  we  might  were  the  experiment  not 
self-limited.    For  though,  as  Pettenkofer  has  observed,  the  0.40  or  0.50 


'In  Austria,  the  amount  of  carbonic  acid  is  al)out  34.3  liters  per  llX)  cubic  meters  of 
air;  in  Germany  it  varies  between  32  and  3^i ;  in  the  desert  of  Lybin,  Von  Pettoukofer 
found  from  44  to  49.  These  are  rather  high  tiguree.  During  the  expedition  for  the 
observation  of  the  transit  of  Venus,  analyses  made  in  ditt'erent  countries  gave  the 
following  results:  Florida,  2«».2;  Mexico,  27.3;  Martinique,  28;  Haiti,  27.8;  Sunto 
Cruz,  26.G.     At  Cape  Horn,  Hyades  observed  23.1  and  28.5  as  extreme  figures. 


s  (over  4  percent  carbonic  acid,  and  less  than  IS  per  tent  os.rgeii). 

must  soon  result,  because  tbere  is  too  inach  citrboiiic  acid  in  the 
allow  that  iu  the  system  to  escape,  and  not  enougb  o.iygeii  for 
leda  of  the  body.  More  will  be  said  on  this  point  later  on.  It  is 
h  here  to  show  how  considerable  the  ratio  of  cartionic  acid  may 
16  iu  confined  space,  and  how  mnch  greater  are  the  variations  in 
Die  acid  than  in  oxygen  or  nitrogen. 

>  cause  of  these  variations  is  obvious.  They  are  in  close  relation 
!  variations  in  the  production  of  the  gas  under  consideration,  and 
this  matter  information  is  abundant. 

■bouic  acid  is  prodaced  in  many  ways;  it  has  many  sources.  One 
em  has  been  referred  to — animals  and  mankind.  I!i|)eds  and 
rupeds,  in  fat^t  all  animals,  indeed,  all  hving  organisms,  are  sonrceti 
rbonic  acid.  All  beings,  from  mere  yeast  cells  to  the  lords  of 
Ion,  breath^;  all  or  nearly  all  take  oxygen  from  the  air  and  return 
mic  acid  to  it.  It  is  a  familiar  fact  that  fermentation  in  niosi 
— in  the  case  of  sweet  siibstances  particularly — is  accompanici)  Uy 
jiderable  production  of  carbonic  acid.    InwineproduciiigconutrieK 

of  asphyxia  often  occur  in  the  cellars  where  fernieutation  is  going 
B-ing  to  the  amount  of  carbonic  acid  pro<iuced.    All  higher  organ 

plants,  and  animals  have  the  respiratory  function,  and  one  of  the 
if  re-spiration  is  the  elimination  of  carbonic  acid  tlirough  the  lungs, 
anceasing  produclinjiofcarbonic  acid  by  living  organisms,  whel  her 
8  or  animals,  is  very  variable  in  its  activity,  even  within  the  limits 
?  same  species  and  of  the  same  Individual.  It  is  well  known  that 
tale  produces  more  than  the  female,  the  adult  more  iljim  the  very 

>r.^>.  thavnrvnlil  inrliviilnql   tl>o  etr.iti.r  mnm  f  liaii  f  I>a  wo-iL-    Ati.        It 
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matter  in  this  light,  we  perceive  that  birds  are  the  aniiDals  that  give 
out  the  greatest  quantity  of  carbonic  acid.  While  1  kilogram  of  ox 
excretes  from  3  to  7  grams  of  carbon  per  twenty -four  hours,  1  kilogram 
of  fowl  or  turkey  excretes  20  grams  on  an  average,  1  kilogram  of  yoaug 
chickens  56  grams,  and  1  kilogram  of  sparrow  nearly  60  grams.  These 
facts  quite  agree  with  the  exceedingly  active  respiratory  function  of 
birds,  especially  small  birds. 

Boussingault  many  years  ago  established  the  fact  that  the  town  of 
Paris  alone,  taking  into  consideration  men  and  horses  only,  exhales 
nearly  half  a  million  cubic  meters  of  carbonic  acid  per  twenty-fonr 
hours  (at  present  three-quarters  of  a  million  would  be  nearer  the 
mark,  but  still  even  below  it),  and  estimating  the  whole  population  of 
the  globe  as  being  one  billion  and  a  half,  we  find  that  mankind  alone 
pours  into  the  atmosphere  one  billion  and  a  half  kilograms  of  carbonic 
acid  per  diem  (1,500,000,000  kilograms) ;  that  is  to  say,  720,000,000  rnbic 
meters.    Per  annum  the  grand  total  is,  in  round  numbers,  547,500,- 
000,000  kilograms,  or  202,800,000,000  cubic  meters.     So  much  for  man 
kind  only.    If  we  wish  to  take  into  account  the  x)roduction  of  carbonic 
acid  by  animals,  the  dii!iculties  are  certainly  great,  and  we  can  only 
proceed  inferentially,  and  with  less  certainty.    Girardin  puts  the  pro- 
duction of  carbonic  acid  by  animals  at  something  like  double  that  of 
mankind,  if  not  treble — let  us  say  double,  which  means  1,095,000,000,000 
kiJogranis  per  annum.    But  there  remain  other  sources  of  carbonic  acid: 
all  plants  which,  although  decomposing  carbon  dioxide  as  part  of  their 
method  of  nutrition,  breathe  in  the  same  manner  as  animals,  and  exhale 
carbonic  acid ;  all  the  combustions  going  on  in  our  houses — fires,light8— 
in  our  factories  and  works,  etc.  (in  Europe  alone  550,000,000  tons  of  coal 
are  burned  each  year,  which  means  80,000,000,000  cubic  meters  of  carbon 
dioxide);  the  slow  but  uninterrupted  production  of  the  gas  which  is 
going  on  over  the  whole  globe  through  the  gradual  combustion  of 
decaying  vegetable  matter;  the  mineral  springs — those  of  Auvergne 
only  in  France,  giving  off,  according  to  Lecoq,  some  7,000,000,000  cubic 
meters  of  gas;  volcanoes  and  their  surroundings — Gotopaxi  alone  being 
considered  by  Boussingault  as  giving  off  more  carbonic  acid  than  a 
whole  city  like  Paris;  the  natural  sources  of  gas,  such  as  the  Grotta  del 
Cane'  near  Naples,  etc.     Under  such  circumstances,  it  is  very  difficult 
to  form  any  idea  of  the  total  amount  of  carbonic  acid  discharged  into 
the  atmosphere.     Armand  Gautier,  however,  comes  to  the  very  probable 
conclusion  that  this  amount  can  not  be  very  far  from  2,500,000,000,000 


■The  air  in  this  grotto  contains  more  than  half  its  voliime  in  carbonic  acid.  It 
derives  its  name  from  the  fact  that,  in  order  to  illustrate  the  noxious  effects  of  the 
inferior  stratumof  air  (where  carbon  dioxide,  heavier,  accumulates),  it  is  thecustom  to 
introduce  a  dog  into  it,  which  soon  falls,  affected  by  asphyxia,  while  the  visitors,  owing 
to  their  higher  stature,  breathe  the  normal  air,  and  feel  nothing  unusual.  The  dog, 
it  must  be  added,  is  at  once  taken  out  into  pure  air,  and  soon  revives,  going  through 
the  experiment  several  times  a  day.  Its  health  is  very  good,  but  its  temper  becomes 
unpleasant  when  a  visitor  appears.    The  animal  knows  what  is  coming. 
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cabic  meters  per  annum,  which  means  over  5,000,000,000,000  kilograms, 
the  weight  of  tbe  total  atmosphere  being  5,000,000,000,000,000,000— that 
is,  one  hundred  thousand  times  greater.  At  all  events,  this  is  certainly 
below  the  mark. 

Such  being  the  enormous  rate  of  production  of  carbonic  acid,  one 
may  well  wonder  that  the  ratio  of  this  gas  in  the  total  atmosphere 
remains  as  small  as  it  is,  it  being  easy  enough  to  reckon  what  the  ratio 
would  become  in  the  course  of  ten,  twenty,  or  a  hundred  years,  if  there 
were  not  some  agency  at  work  by  means  of  which  it  is  destroyed  or  com- 
bined, and  without  which  life  would  soon  become  extinct.  That  such 
agencies  do  exist  and  are  in  operation  is  a  i)ositive  fact,  and  though  we 
may  not  be  acquainted  with  all  of  them,  there  are  three  at  least  which 
deserve  notice.    These  agencies  are  plants,  animals,  and  oceans. 

Plants  occupy  the  first  place ;  for,  while  producing  carbonic  acid  which 
they  breathe,  they  absorb  it  in  the  course  of  the  process  of  nutrition, 
taking  it-s  carbon  into  their  tissues  and  yielding  its  oxygen  to  the 
atmosphere.^ 

Animals  should  be  considered  next;  not  all,  to  be  sure,  but  all  those 
which  have  a  calcareous  skeleton,  internal  or  external.  Such  are  corals, 
such  are  shellfish  generally,  and  all  aquatic  and  terrestrial  animals, 
which,  having  a  calcareous  skeleton,  must  necessarily  contain  some 
amount  of  carbonic  acid  combined  with  lime.  This  compound  seems 
to  hold  good  for  a  long  time,  and  if  there  are  cases  where  the  skeleton 
after  death  slowly  decomposes,  so  that  the  carbonic  acid  has  some 
chances  of  getting  free  again,  there  are  a  great  many  more  in  which  it 
is  preserved,  and  we  know  of  considerable  geological  strata  which  are 
nothing  else  than  enormous  accumulations  of  the  remains  of  animals  that 
died  centuries  and  hundreds  of  centuries  ago.  This  process,  by  means 
of  which  a  considerable  amount  of  carbonic  acid  becomes  fixed  and 
imprisoned,  so  to  say,  was  exceedingly  active  in  earlier  times;  it  is  also 
very  active  at  the  present  i>eriod,  and  the  great  space  taken  up  by  coral 
reefs  in  the  mid  Pacific  and  other  oceans  is  but  a  gigantic  laboratory  of 
nature  where  carbonic  acid  is  being,  if  not  destroyed,  at  least  hoarded 
and  put  by  under  a  compact  form,  and,  for  a  time  at  least,  withdrawn 
from  the  general  circulation  of  matter.  To  appreciate  the  importance 
of  the  storing  process,  it  is  only  necessary  to  measure  the  thickness 


'A  writer  in  the  Belgique  Horticole,  Vol.  XXXV,  1885,  p.  227,  gives  tbe  foHowing 
eraloatioD:  One  hectare  of  forent  (1  hectare  equals  2.471  acres)  produces  yearly 
3,000  kilograma  of  carbon — 1,600  kilograms  nnder  the  form  of  wood  and  1,400  under 
tbe  form  of  leaves  (weighed  dry  and  exclusive  of  other  substancen).  During  one 
hundred  and  fifty  days  (on  the  average)  of  active  vegetation,  the  trees  must  draw 
from  the  atmosphere  5,596  cubic  meters  (11,0(X)  kilograms)  of  carbon  dioxide.  In 
exchange  they  give  nearly  as  much  oxygen  (5,5M  cubic  meters).  With  a  field  of 
oats  the  same  proportion  obtains — as  much  oxygen  is  given  off  as  earbonic  acid 
18  taken  in.  Thirty -two  persons  give  off  as  much  earbonic  acid  as  is  taken  in  liy  I 
hectare  of  oats  or  of  forest,  and  they  bom  as  much  oxygen  as  the  said  surface  of 
field  or  forest  produces. 


158  AIR   AND    LIFE. 

and  extent  of  such  masses  of  organic  remains.  All  know  that  iu  every 
geological  formation  calcareous  strata  of  great  thickness  are  louiid, 
which  are  merely  agglomerations  of  skeletons,  and  Van  Dechen  has 
endeavored  to  form  some  idea  of  the  quantity  of  carbonic  aci<l  which 
may  be  contained  in  such  strata.  The  result  is  very  striking.  He  comes 
to  the  conclusion  that  in  the  lime  strata  of  the  Carboniferous  e|)Och  alone 
there  is  an  amount  of  carbonic  acid  imprisoned  whicli  is  six  times  more 
considerable  than  that  at  present  contained  in  the  whole  atmosphere. 
The  problem  has  been  carried  further  by  Sterry  Hunt.  Taking  this 
result  into  consideration,  and  forming  an  estimate  of  the  whole  quantity 
of  carbonic  acid  combined  with  lime  in  the  whole  geological  series,  be 
finds  thnt  the  amount  of  carbonic  acid  thus  imiirisoned  in  the  calcareouB 
rocks  would,  if  entirely  liberated,  form  an  atmosphere  two  hundred  times 
more  considerable  than  that  which  at  present  surrounds  the  planet.  In 
such  a  case  the  pressure  would  be  so  much  increased  that  the  gas  would 
necessarily  become  liquid.  The  inference  which  he  draws  (Brit.  Asso 
ciation  for  the  Adv.  of  Science,  1878)  is  that  the  enormous  amount  of 
carbonic  acid  at  present  stored  in  the  depths  of  geological  strata  hiw 
never  been  simultaneously,  even  for  a  short  time,  present  in  the  atmos- 
phere, but  that  it  must  have  reached  the  latter  in  small  quantities  and 
gradually.  Mr.  Sterry  Hunt  is  of  opinion  that  all  this  carbonic  acid 
has  come  to  our  jilanet  from  celestial  regions  in  the  course  of  hundreds 
of  centuries.  Whatever  may  be  thought  of  this  interpretation  as  to  the 
origin  of  the  gas,  one  fact  remains  unassailable,  and  that  is  the  enormous 
quantity  of  the  latter  stored  up  in  the  earth's  crust ;  and  if  in  the  coiu-se 
of  time  organisms  have  been  able  to  accumulate  such  a  provision  aud 
are  still  operating  as  they  undoubtedly  are  under  our  very  eyes,  we  cer- 
tainly can  not  help  coming  to  the  conclusion  that  we  have  here  one  of 
the  most  important  agencies  by  means  of  which  the  atmosphere  is  beiug 
unceasingly  kept  sufficiently  pure  for  maintaining  life. 

Lastly,  come  the  oceans.  Few  are  aware  that  the  salt  waters  play  a 
most  interesting  and  important  part  in  the  general  regulation  of  the 
atmosphere,  and  are  one  of  the  agencies  which  by  absorbing  carbonic 
acid  prevent  it  from  overaccumulating  in  the  air.  Mr.  Schloesing's 
remarkable  investigations  have  shown  that  the  seas  contain  a  large 
amount  of  dissolved  carbonic  acid,  a  much  larger  amount,  in  fact,  than 
is  to  be  found  in  the  whole  atmosphere.  The  equilibrium  is  preserved 
as  follows :  When  carbon  dioxide  becomes  more  abundant  than  usual  in 
air,  in  consequence  of  an  increased  production  of  this  gas,  and  no  com 
pensatory  destruction  or  withdrawal  is  effected  by  plants  or  animals, 
part  of  it  dissolves  in  the  salt  waters,  and  combines  with  the  insoluble 
and  neutral  carbonate  of  lime,  always  present  there,  producing  a  soluble 
bicarbonate  of  lime  which  dissolves  immediately,  and,  inversely,  if  the 
amount  of  carbonic  acid  in  the  atmosphere  decreases,  the  soluble  bicar- 
bonate is  decomposed  into  carbonic  acid,  which  is  set  free  and  diffuses 
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throag:hoiit  tbe  atmosphere,  aud  Deutral  carl)ot]ate,  which  remains  in 
the  Wiiter.      Briefly,  so  long  as  the  tension  of  earbonie  acid  in  the  waters 
and  that  of  carbonic  acid  in  the  atmosphere  is  the  same,  nothing  is  pro- 
duced, bat  as  soon  as  this  equilibrium  of  tension  is  destroyed  the  sea 
restores  it  by  the  very  simple  process  just  described.    This  chemical 
adjustment  works  automatically  at  the  moment  it  is  needed,  and  to  the 
extent  and  in  the  direction  required.     It  must  be  added  that  this  equi- 
librating function  is  possible  mainly  through  the  circumstance  that 
the  ocean  contains  a  much  larger  amount  of  carbon  dioxide  than  the 
atmosphere;  according  to  Mr.  Schloesing,  about  ten  times  as  much. 
However  great,  then,  the  production  of  carbonic  acid  may  be  on  the 
surface  of  the  globe  by  all  the  agents  we  have  enumerated,  it  would 
seem  tbat  the  proportions  of  this  gas  in  the  atmosphere  as  a  whole 
can  vary  but  slightly,  owing  to  the  power  of  the  sea  to  absorb  it  and 
maintain  the  equilibrium. 

We  have  now  exhausted  the  list  of  the  agencies  through  which  the 
amount  of  carbon  dioxide  in  the  air  mav  be  and  is  reduced  when 
necessary,  and  they  are  important  and  jKJwerful  enough,  as  we  have 
seen,  to  be  equal  to  probable  emergencies.  Without  them  the  globe 
would  soon  become  uninhabitable.  Poggendorf,  in  fact,  has  found  that 
if  all  carbon  dioxide  produced  could  accumulate  in  the  air  the  propor- 
tion would  he  doubled  in  eighty-six  years.  A  few  centuries  would  see 
the  last  of  life  as  far  as  superior  organisms  are  concerned. 

Oxyjren,  nitrogen,  carbonic  acid,  such  are  the  mam  constituents  of 
air.  Those  which  follow  are  of  less  importance,  but  deserve  a  passing 
notice. 

We  may  begin  with  ozone.  This  gas,  discovered  in  1840  by  Sehoen- 
bein,  has  been  made  the  subject-matter  of  many  investigations  by 
I)e  Marignac,  Do  la  Rive,  Becquerel,  Fr^my,  Andrews,  Tait,  etc. 
Ozone  is  oxygen  under  a  peculiar  form— condensed  oxygen,  so  to  say, 
oxygen  of  high  potency.  It  possesses  strong  oxidizing  properties, 
and  the  amount  which  is  found  in  the  atmosphere  varies  considerably 
according  to  circumstances  and  places.  This  amount  is  on  the  average 
of  1  milligram  per  100  cubic  meters  of  air;  3 J  milligrams  are  a  maxi- 
mum. This  gas  is  generally  wholly  absent  from  the  atmosphere  of 
cities,  and  in  the  air  which  has  passed  through  large  centers  of  popula- 
tion. Paris  offers  good  opportunities  for  illustrating  this  fact.  When 
the  wind  is  northerly,  no  ozone  is  found  in  the  air  at  the  Montsouris 
Observatory,  situated  in  the  south  of  Paris,  while,  when  the  wind  is 
southerly  and  comes  over  the  country  without  having  yet  crossed  the 
town,  ozone  is  found  in  the  air.  (generally  speaking,  then,  the  healthi- 
est part  of  all  towns  is  that  which  lies  in  the  direction  from  which  the 
prevailing  wind  comes;  the  air  is  purer  and  fresher  and  contains  more 
ozone.  In  western  Europe,  where  the  prevailing  winds  are  westerly 
and  northerly,  the  northwestern  and  western  parts  are  the  most  eligible. 
The  cause  of  the  difference  in  the  amount  of  atmospheric  ozone  is 
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to  be  sought  in  the  fact  that  cities  contain  a  much  larger  qaaotity  of 
oxidizable  organic  material  than  is  the  case  with  the  coautry  and 
small  villages,  and  the  resalt  is  that  more  ozone  is  absorbed  from  the 
atmosphere  over  and  around  cities  than  from  the  atmosphere  over  the 
country,  over  the  fields,  and  especially  over  the  oceans.    GeneraUy 
speaking, ozone  is  more  abundant  near  forests  and  the  sea;  the  atmos- 
phere in  mid  ocean  is  particularly  rich  in  it.    May  we  not  attribute  the 
cause  of  the  beneficial  effects  of  life  in  the  open  air,  of  a  residence  iD 
the  country,  near  the  sea  or  in  the  mountains,  and  of  long  sea  voyages 
to  the  larger  proportions  of  this  gas  found  in  those  regions?    Sehoea- 
beiu  thought  so,  and  after  him  many  have  adopted  the  same  view— 
among  them  an  English  physician.  Cook,  according  to  whom  a  definite 
relationship  prevails  in  India  between  cholera  and  other  zymotic  dis- 
eases and  the  proportion  of  ozone  in  the  air,  the  diseases  increasing 
when  ozone  decreases,  and  decreasing  when  the  latter  becomes  more 
abundant.    In  consequence  of  the  greater  abundance  of  ozone  in  the 
atmosphere  over  the  country  and  in  proximity  to  living  plants,  it  might 
seem  advisable  to  advocate  the  presence  of  plants  in   apartments, 
instead  of  excludmg  them  as  some  feel  inclined  to  do,  arguing  that 
plants  are  living  beings,  that  they  breathe,  and  that,  accordingly,  they 
increase  the  ratio  of  carbonic  acid.    The  view  in  favor  of  plants  ha£ 
been  strongly  advocated  by  T.  M.  Anders  (House  Plants  as  Sanitary 
Agents,  1887,  Lippincott);  but  the  most  important  point  which  shoald 
be  established  in  relation  to  this  matter,  the  fact  that  plants  do  really 
produce  ozone,  does  not  seem  placed  on  a  satisfactory  basis.    Proof  is 
still  wanting.     And  this  brings  us  to  face  the  fact  that  very  little  is 
known  concerning  the  origin  of  ozone.     We  do  not  know  whether  any 
agencies  are  at  work  now  in  nature  evolving  ozone  to  any  important 
extent.    In  the  laboratory  ozone  may  be  produced  by  the  electric  spark, 
and  when  so  evolved  causes  the  particular  smell  perceived  in  the  vicinity 
of  electrical  machinery;  ozone  is  also  evolved  during  the  electrolysis 
of  water.    Are  we  then  to  assume  that  in  nature  ozone  is  produced  by 
thunderstorms,  those  gigantic  counterparts  of  our  electrical  discharge, 
and  under  the  influence  of  the  electric  currents  so  frequently  in  opera- 
tion in  the  atmosphere?    Many  chemists  think  so,  and  if  this  is  the 
case  it  should  be  easily  shown  that  the  ratio  of  ozone  to  air  is  in  fairly 
exact  relationship  to  the  proportion  of  thunderstorms,  or  to  their  recent 
occurrence.     Ozone  should  be  most  abundant  under  the  Tropics,  shoald 
decrease  in  high  latitudes^  where  thunderstorms  are  least  frequent, 
and  should  be  more  abundant  just  after  a  thunderstorm  than  before. 
But  none  of  these  points  have  been  satisfactorily  established. 

Without  attempting  to  solve  the  riddle  and  to  ase>ertain  the  origin 
of  ozone,  a  French  chemist,  M.  Hautefeuille,  who  ascribes  the  bine 
color  of  the  heavens,  or  of  the  atmosphere,  to  ozone,  asserts  that  this 
gas  is  more  abundant  in  the  higher  than  in  the  lower  strata  of  our 
atmosphere.    It  may  be  so^  at  all  events  we  are  not  much  the  wiser  for 
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jertion.  While  we  know  that  ozone  is  nothing  more  than  oxygen 
iltereil  and  allotropic  condition,  we  are  qnite  in  the  dark  as  to  the 
is  by  which  this  alteration  is  effected.  We  know  that  the  ratio 
le  is  very  variable;  that  it  is  more  abundant  in  May  than  in  any 
month ;  more  abnndant  in  the  morning,  from  October  to  June, 
the  evening,  in  July,  August,  and  September,  so  that,  upon  the 
,  it  seems  to  follow  fair  weather  and  lieat;  but  this  hardly  helps 
re  the  question,  and  mucli  remains  to  be  discovered. 
cemiiig  ammonia,  our  information  extends  somewhat  further  than 
ciise  of  ozone.  Ammonia  is  constantly  present  in  the  atmosphere. 
>7  Boussiugault  and,  later,  Schloesing,  did  good  work  in  reference 
is  subject.  They  have  shown  that  ammonia  generally  exists  in 
inatioii  with  carbonic  or  nitric  acid ;  only  a  small  proportion  is  free. 
igin  is  easily  ascertained,  for  ammonia  is  one  of  the  by-products 
^nic  putrefaction.  Considering  the  amount  of  putrefaction  whi(*h 
take  place  on  our  planet,  it  is  clear  that  this  source  is  a  fruitful  one; 
it  mast  be  added  also  that  ammonia  could  not  exist  in  an  atinos- 
i  where  life  was  absent,  nor  in  one  where  putrefac^tion  was  impos- 
,  nor  in  an  entirely  aseptic  atmosphere,  the  organisms  themselves 
l  aseptic.  Although  ammonia  is  a  constant  component,  it  is  a  very 
I  one;  air  does  not  contain  more  than  a  few  milliouths  of  it;  but 
T  of  atmospheric  origin,  rain,  vai)or,  fog,  etc.,  holds  a  larger  propor- 
M.  Schloesing  has  devised  ingenious  apparatus  and  methods  for 
rtaining  the  proportions  of  ammonia  in  air  and  in  rain  water,  as  the 
er  is  one  of  importance,  particularly  to  agriculture,  in  view  of  the 
'change  of  ammonia  that  occurs  between  air,  rain,  and  ground  water. 
of  the  results  has  been  to  show  that  each  hectare  in  France  (some- 
g  over  2  acres)  receives  yearly  through  rainfall,  or  from  the  atmos- 
e,  9.801  kilograms  of  nitrogen  uaider  the  form  of  ammonia.  This 
be  again  referred  to  further  on,  when  we  come  to  consider  the  uses 
[lis  compound  and  its  role  in  nature. 

ther  nitrogen  compounds  are  also  present  in  air — nitrous  and  nitric 
s,  for  instance,  both  in  very  small  quantities.  It  may  be  that  they 
formed  under  the  influence  of  atmospheric  elet'tricity,  as  some  experi- 
ts  by  Cavendish  seem  to  show,  and  as  indicated  by  some  observa- 
s  of  Liebig,  who  detected  nitrate  of  ammonia  in  the  rain  that  falls 
ng  thunderstorms.  It  may  be  also,  as  Schoenbein  suggests,  that 
Dus  acid  is  formed  by  the  action  of  nitrogen  on  water  during  the 
jrent  oxidizations  or  combustions  which  goon  rapidly  in  our  works, 
iries,  and  so  forth,  and  slowly  in  the  field  of  nature.  Xitric  nitrogen 
ore  abundant  in  and  during  winter,  and  it  is  more  especially  in  rain 
?r  that  its  proportions  have  been  ascertained.  Generally  some  0.73 
igram  are  present  in  each  liter  of  rain  water,  and  in  Framre  each 
are  receives  about  3.9.S0  kilograms  of  this  nitrogen  through  the 
fall.  Added  to  the  nitr.»gen  received  under  form  of  ammonia,  this 
»  us  a  total  of  13.787  kilograms  of  nitrogen  received  by  the  soil. 
8M  95 11 
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Mucli  of  it  is  borrowed  by  plants.  It  has  been  observc^d  in  England 
and  in  France  that  rain  water  collected  iu  cities  or  in  their  iiiirae<liate 
vicinity  contains  more  nitrogen  (especially  under  the  form  of  ammonia) 
than  that  collected  in  the  country  some  distance  away.  Towns  where 
industrial  pursuits  are  thriving  and  active,  where  factories  and  luniacea 
keep  their  chimneys  constantly  at  work,  produce  a  large  quantity  of 
ammonia.  London,  Glasgow,  and  Manchester  are  specially  noted  for 
this.  Some  amount  of  carbureted  hydrogen  exists  in  the  atmosplifre 
(one  ten-thousandth),  and  its  name,  marsh  gas,  gives  a  clue  to  its  origin. 
Sulphureted  hydrogen,  also  present  in  very  small  quantities,  has  itsori^fin 
in  some  volcanoes  and  in  the  disintegrative  processes  going  on  ia  dead 
bodies  or  other  lifeless  organic  materials.  It  is  therefore  often  found  in 
the  vicinity  of  graveyards  and  of  fecal  matter.  It  is  enough  to  merely 
mention  the  presence  of  a  very  slight  proportion  of  boric  acid,  which  is 
ejected  into  the  atmosphere  by  volcanoes — by  some  at  least. 

Iodine  has  been  detected  in  small  quantities  by  Chatiu,  who  is  of  the 
opinion  that  its  presence  or  absence  in  the  air  and  waters  bears  some 
relation  to  the  occurrence  of  goiter  in  the  human  spe(»ies.     Very  little 
can  be  said  in  support  of  this  view.    The  atmosphere  undoubtedly  con- 
tains saline  particles,  and  all  observers  who  use  the  spectroscoj>c  liavt 
been  more  or  less  annoyed  by  the  fact.    But  these  x)articles  are  iiresent 
under  the  solid  form.    They  are  positively  in  suspension  in  the  air,  and 
not  under  the  form  of  vapor  nor  of  gas.     Ko  very  considerable  mental 
effort  is  required  to  ascertain  the  origin  of  such  particles.    Dust  iier 
vades  the  whole  atmosphere — that  is,  the  lower  strata  at  least — dust 
which  has  been  torn  from  the  soil  in  all  countries  of  the  world,  iu  the 
deserts  of  Sahara,  Kalahari,  Gobi,  or  Atacama,  in  the  lowlands,  from 
the  Hanks  of  the  mountain  ranges,  dust  that  has  been  poui-ed  out  from 
the  bowels  of  the  earth  by  Cotopaxi  and  Kilauea,  Vesuvius  and  Coliina, 
Erebus,  and  Terror,  and  all  this  dust  contains  a  large  number  of  saline 
particles.     The  seas  also  contribute  their  share.    The  wind  sweeps  off 
the  crest  of  the  waves,  blows  the  foam  and  brine  inshore,  often  to 
considerable  distances,  with  the  result  that  the  atmosphere  contaius  a 
proportion  of  the  salts  of  tlu^  sea,  which  often  cover  with  a  i^erceptible 
coating  plants  fairly  distant  from  the  shore.    Farther  inland  the  pro- 
portion of  sea  salts  is  decreased,  but  while  not  themselves  apparent 
they  exert  apparent  effects  upon  plants.*     Another  curious  influence 
is  exerted  by  these  x>articles  in  quite  a  different  direction.     It  is  well 
known  that  aqueous  solutions  of  salts  may,  under  peculiar  eircum 
stances,  be  supersaturated;  that  is,  may  contain  a  larger  i)roportion of 
dissolved  salt  than  is  consistent  with  theory.     If  air  is  allowed  to  come 
in  contact  with  the  surface,  such  a  solution  often  suddenly  crystallizes. 
M.  Oernez,  who  has  thoroughly  investigated  these  ])henomena,  comes 
to  the  conclusion  that  the  sudden  crystallization  is  due  to  the  lu'esence 

1  Cf.  r.  I.csagi' :  Inllucuce  <lu  bord  de  la  mer  Hur  la  structure  doa  ])lautes. 
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Q  the  atmosphere  of  a  few  particles  of  the  corresi)Oiiding  salt,  for  it  is 
i  familiar  fact  that  if  the  very  smallest  anioaut  of  a  salt  is  dn)i)ped 
ntii  a  supersaturate  solution  of  the  same  salt,  the  latter  instautly 
crystallizes,  just  as  a  loaded  guu  goes  oft*  wheu  the  trigger  is  pulled. 
If  this  interpretation  be  correct,  certainly  air  contains  a  large  amount 
of  sulphate  of  sodiunu  for  supersaturated  solutions  of  the  latter  crystal- 
lize very  easily-   wheu  not  protected  from  contact  with  the  general 
atmosphere.     A  fact  that  favors  this  explanation  is  that  when  the  air 
in  contact  with  a  suixjrsaturated  solution  is  carefully  filtered  through 
a  plu»i  of  asbestos  or  cotton  it  has  no  longer  the  iK)wer  of  inducing 
crystallization.    It  has  been  deprived  by  the  plug  of  those  iKirticles 
which,  by  their  conformity  to  tlie  composition  of  the  solution  are  able  to 
induce  the  phenomenon  referred  to.    If  this  explanation  of  M.  Gernez 
is  correct,  the  constant  refusiil  of  a  supersaturated  solution  to  crystallize 
when  in  contact  with  the  general  atmosphere  would  prove  that  the  salt 
which  it  contains  is  not  to  be  found  free  in  the  air.     At  all  events,  the 
uiterpretation  is  (piite  ]>lausible  and  the  fact  is  of  interest. 

Before  dismissing  this  brief  review  of  the  main  chemical  constituents 
of  the  atmosphere,  a  word  must  be  said  concerning  the  volatile  organic 
matters  which  Brown-Scquard  and  d'Arsonval  thought  th(^y  had  found 
in  expired  air  a  few  years  ago.    These  two  physiologists,  collecting  air 
expired  by  men  or  animals,  and  condensing,  by  means  of  cold,  the 
aqueous  vafmr  always  present  in  such  air,  obtained  a  liquid  to  which 
they  ascribed  toxic  properties.     If  such  liquid  is  injected  under  the  skin 
of  an  animal,  it  kills  more  or  less  rapidly,  the  results  varying  according 
to  dose,  tlie  si>ecies  experimented  upon,  and  other  circumstances.    The 
inference  was   that  expired  air  contains  certain  volatile  substances 
excreted  or  exhaled  by  the  lung  surface  and  dissolved  in  the  water 
derived  from  the  ciiudensation  of  pulmonary  aqueous  vaiwr,  and  from 
which  they  may  be  isolated  by  analysis.    A  very  tem[>ting  inference, 
to  be  sure,  for  it  seems  clear  that  confined  air  vitiated  by  respiration, 
even  after  it  is  deprived  of  carbon  dioxide,  remains  heavy,  unpleasant, 
onbealthy,  and  even  injurious,  and  if  it  has  an  unpleasant  smell,  the 
reason  is  probably  because  it  cont;iins  x>^'iiliar  organic  matters.    Do 
these  matters — whose  existence  is  susi)ected,  not  proven — arcnmulate 
in  the  liquid  condensed  by  Bro^vn-Scquard  andd'Arsonval,  and  impart 
to  it  its  toxic  properties?     The  one  great  difticulty  in  answering  this 
question  is  the  fact  that  the  different  physiologists  who  have  endeav- 
ored to  repeat  and  confirm  the  above  experiments  in  France,  Ger- 
many, and  Italy,  have  been  unable  to  obtain  the  same  results.    They 
have   not  succeeded   in   obtaining  from   the    breath  any  condensed 
Uquid  which  had  a  toxic  influence,  and  the  most  probable  explanutinn  is 
that  some  mistake  was  miule  by  the  original  observers.     When  care  is 
taken  to  exclude  all  elements  except  those  derived  from  the  breath  no 
ill  effects  are  observed  on  animals.    It  may  very  well  have  happened 
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that  Brown-Sequard  and  d' Arson val  did  not  take  pains  enough  topre^ 
vent  the  contamination  of  the  liquid,  either  by  solid,  and  probably 
living,  particles  of  nasal  or  buccal  origin,  or  by  impurities  belongiug 
to  the  apparatus  and  receiver  in  which  condensation  was  effected.  We 
can  not,  therefore,  accept  their  original  statement  although  there  is  a 
probability  in  favor  of  its  truth.  Fmiiher  experiments  are  required 
to  settle  the  matter. 

III. — Biological  R6le  of  the  Chemical  Oonstititents  of  the 

Atmosphere. 

Having  now  considered  the  constituents  of  the  atmosphere,  their 
relative  proportions  in  the  aerial  mixture,  their  mode  of  production  and 
distribution — that  is,  their  mode  of  equilibration — and  taking  it  as  ao 
established  fact  that  the  composition  of  air  varies  but  slightly,  remain- 
ing constant  within  the  limits  previously  mentioned ;  having  also  briefly 
reviewed  the  part  played  by  animate  life  in  maintaining  the  eomposi 
tion  of  the  atmosphere,  we  may  now  proceed  to  consider  the  chemical 
and  physical  influence  of  the  atmosphere  on  the  life  of  organisms. 

For  the  sake  of  convenience  and  clearness,  we  shall  begin  with  the 
chemical  influence,  and  review  in  turn  the  influence  of  each  separate 
constituent. 

The  life-maintaining  gas  of  atmosphere,  par  exvellence^  is,  to  all 
appearances,  oxygen — and  we  shall  deal  first  with  this  element. 

That  its  presence  in  air  is  indispensable  for  the  proper  execution  of 
the  respiratory  functions  is  a  fact  familiar  to  all.  Physiology  has  most 
clearly  demonstrated,  for  a  century  past,  the  great  importance  and  use- 
fulness of  this  gas.  It  is  essential  to  respiration.  Man  consumes  large 
quantities  of  it.^ 

Inspired  air,  containing  on  the  average  20  or  21  per  cent  of  oxygen 
by  volume — expired  air  containing  only  16  per  cent — 4  per  cent  have,  in 
(consequence,  been  absorbed  by  the  organism,  and  in  twenty-four  hours 


I  It  shoiilil  be  noticed  tliat  neither  men  nor  animals  ever  breathe  pare  air,  nor 
can  they  do  so  under  normal  and  natural  circumstances.  The  reason  is  obvions. 
The  lungs  are  never  totally  emptied.  Even  after  the  deepest  expiration,  there 
remains  in  the  lungs  and  air  passages  a  residue  of  air  that  can  not  be  expelled 
(owing  to  the  an.itomical  impossibility  of  total  pulmonary  coutraotion),  and 
such  air  is  vitiated  and  unfit  for  respiratory  purposes.  The  next  inspiration  brings 
a  certain  amount  of  imre  air,  but,  as  a  matter  of  course,  it  mixes  with  the  impure 
residual  air,  and  therefore  becomes  vitiated  to  some  extent.  The  only  part» 
which  receive  strictly  pure  air  are  the  superior  air  passages.  At  the  end  of  expira- 
tion they  are  full  of  impure  air;  but  the  very  first  result  of  inspiration  is  to  return 
all  this  impure  air  to  the  lungs,  and  to  fill  the  air  passages  with  pure  air.  A  part  of 
this  goes  to  the  lungs,  and  all  that  remains  in  the  nose,  trcochea,  etc.,  is  pure.  AH 
mucous  membranes  have  some  respiratory  functions,  so  that  a  proportion  of  this 
})ure  air  is  uRod;  but  the  most  important  of  the  respiratory  organs  is  bathed  in 
a  vitiated  atmosphere,  and  one  may  truly  say  that  neither  men  nor  animals  ever 
breathe  really  pure  atmospheric  air.     A  very  simple  and  ingenious  experiment  has 


ency  of  the  lungs  and  blood;  a  small  proportion,  however  (one- 
ith  of  the  amount  absorbed  by  the  lungs),  is  absorbed  by  our 
wrhich  has,  therefore,  some  respiratory  importance.^  All  our 
i  need  oxygen ;  all  breathe.  For  it  must  not  be  forgotten  that  the 
;  nothing  more  than  an  instrument  in  the  respiratory  process;  the 
;al  operation  which  is  the  essential  part  of  this  function  takes 
elsewhere,  in  the  tissues  themselves.  The  lung  is  only  the  door 
eh  oxygen  enters  the  system.  Physiologists  held  quite  different 
a  century  ago,  and  Lavoisier  himself  supposed  that  the  main 
respiration  takes  place  in  the  lung.  What  really  happens  is 
xygen,  introduced  into  the  lung,  filters  through  the  very  thin 
►f  the  pulmonary  capillaries,  where  it  finds  in  the  red  blood  cor- 
i  a  substance  called  hemoglobin,  with  which  it  unites  to  form  a 
md  which  bears  the  name  of  oxyhemoglobin.  A  very  unstable 
md  it  is,  for  throughout  the  tissues,  in  tlie  capillary  vessels  of 
ole  body,  oxygen  is  allowed  to  escape  and  effect  its  work  among 
lis.  Numerous  and  complex  reactions  take  place,  and  one  set 
1  results  in  the  formation  of  carbonic  acid.  The  l)lood,  thereforie, 
ing  more  than  a  vehicle;  it  carries  oxygen  to  the  tissues  and 
back  to  the  lungs  carbonic  acid,  which,  if  not  allowed  to  escape, 
soon  cause  death.  The  '^organic  combustions"  do  not  occur  in 
igsi,  as  was  thought  a  century  ago;  their  se.at  is  in  the  tissues, 
bout  the  whole  body. 
le  respiration  is  common  to  all  animals,  it  is  not  eriually  active 


'i8€(l  by  Prof.  CharlcH  Ricbet  in  order  to  give  an  experimental  proof  of  the 
8S  of  this  inference.  All  that  is  required  is  an  india-rubher  tube,  some 
irds  in  lenirtli.  of  rather  wide  bore.     Tliis  tube  is  so  adapted  to  the  respira- 
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ill  all;  it  is  more  intoise  in  birds  than  in  iiiaininals;  more  intense ir 
mammals  than  in  reptiles  and  mollusks.  An  active  animal  will  cousume 
more  oxygen  than  one  that  is  slothful,  sleeping,  lethargic,  or  hibernat 
ing.  Yet  all  animals  breathe;  none  can  dispense  with  oxygen,  andif 
that  gas  foils  them  they  die. 

It  is  the  same  with  plants.  While  for  their  nutrition  they  exhale 
oxygen  (chlorophyllian  function)  during  the  day,  onder  the  influence 
of  light,  they  breathe  at  all  times,  absorbing  oxygen  and  exhaling  ear 
bonic  acid,  as  Priestley  has  shown.  Here,  also,  the  intensity  of  the 
function  may  vary.  Plants  need  a  great  amount  of  oxygen  duriu;' 
germination,  and  this  explains  why  many  seeds  can  not  germinate 
under  water,  where  the  access  of  oxygen  is  retarded  and  inadequate,  or 
in  compact  soil,  where  air — oxygen — is  also  deficient.  One  sort  of  geed 
requires  the  hundredth  of  its  weight  in  oxygen,  another  is  quite  satis- 
fied with  ten  or  twenty  times  less;  but  all  need  oxygen,  as  De  Sans- 
sure  proved  nearly  a  century  ago. 

Plants  also  need  oxygen  for  their  growth,  and  at  the  flowering  ])eriod 
they  use  a  large  amount  of  it,  chemical  operations  being  then  so  ven 
rapid  and  intense  that  a  quite  perceptible  heat  is  given  out.  During 
all  moments  of  their  life,  from  birth  to  death,  plants  breathe.  Sepa 
rate  x)arts,  such  as  leaves,  twigs,  flowers,  fruits,  netnl  apd  use  oxyireii 
also — they  are  not  dead;  and  a  nosegay  in  a  room  plays  its  part  in 
the  withdrawal  of  oxygen  as  well  as  the  person  sitting  at  the  tableJhe 
cat  sleei)ing  near  tlie  hearth,  the  lamps,  the  fire.  A  fruit  or  a  leaf. 
in  any  closed  receiver  full  of  air,  alters  the  coiiqiosition  of  the  latter, 
withdrawing  oxygen  and  giving  carbonic  acid  in  its  place. 

In  brief,  without  oxygen  there  would  be  no  life,  no  animals,  no 
plants;  the  whole  planet  would  be  one  desolate  landsca|)e  of  rocks  ami 
sand,  from  which  the  solar  heat  would  in  vain  strive  to  elicit  the  merej^t 
blade  of  grass,  the  smallest  insect. 

Such  being  the  case,  some  might  incline  toward  the  opinion  that  life 
is  abundant  and  intense  in  i)roi)ortion  to  the  amount  of  oxygen,  while, 
where  air  is  deficient,  life  also  is  wanting.  Logical  extremes  are,  how- 
ever, almost  in  variablj^  absurd,  and  the  researches  c<mducted  durin.irtlie 
last  twenty  years,  by  Paul  Bert  and  Pasteur  especially,  go  tt)  show 
conclusively  that  both  opinions  are  ecpially  erroneous. 

Living  beings,  as  they  are  at  present,  are  adapted  t^  life  in  an  atmos- 
phere containing  one-fourth  oxygen  and  three-tburths  nitrogen.  Exi^e- 
rience  shows  us  that  if  the  ratio  of  oxygen  is  decreased  even  !»} 
one-fourth,  life  can  no  longer  be  maintained.  The  adaptation  of  orjran- 
isms  to  the  atmosphere  is  thus  very  close,  and  this  suggests  the  idea 
that  perhaps  a  change  in  reverse  direction  might  also  be  injurious; 
that  an  increase  in  the  ratio  of  oxygen  might  prove  harmful.  Paul  Bert 
has  thrown  nuich  light  on  this  question,  and  his  experiments  have 
amply  proven  a  fact  whicli  at  first  sight  seems  most  improbable,  but 
is  less  surprivsing  to  those  who  always  keep  in  mind  the  fact  that  living 


verage;  or,  again,  tbey  may  be  placed  in  artificial  air  where  the 
Dt"  oxygen  has  been  increased.  In  both  cases  the  i)henomeua  are 
iv;  in  lH>th,  death  is  the  resnlt.  While  a  satisfactory  explanation 
ot  yet  been  proposed  in  the  case  of  plants,  Paul  Bert  has  been 
to  show  that  animals  die  in  a  snperoxygenated  atmosphere  as 
jis  their  bhxKl  contains  one  third  more  than  the  normal  ratio  of 
»n,  berause,  in  such  an  atmosphere,  the  hemoglobin  of  the  red 
corpuscles  is  saturated  with  oxygen — a  fact  which  never  occurs 
r  normal  conditions — and  a  proportion  of  this  gas  then  dissolves 
?  serum  of  the  blood  itself.  The  oxygen  dissolved  in  the  serum 
ill  the  harm.  The  tissues  can  not  withstand  the  presence  of  free 
iibined  oxygen;  they  are  killed.  This  is  the  quo  inodo  of  the 
>meDon.  The  qtiare  is  yet  wanting:  Why  do  the  tissues  require 
ned  oxygen,  an<l  why  does  free  oxygen  kill  them!  Here  is  a 
for  physiologists:  it  is  one  worth  their  pains  and  trouble. 
i,  it  must  be  said  that  while  a  certain  increase  in  the  ratio  of 
n  results  in  death,  lesser  increases  of  a  temporary  character  may 
letirial.  Every  i)oison  kills,  doubtless,  but  there  are  doses  which 
ily  do  not  kill,  but  even  confer  benefit  and  improve  health.  This 
:y  of  superabundant  oxygen  is  undoubtedly  one  of  the  most 
8  facts  that  recent  years  have  brought  to  light,  and  it  is  a  very 
ie  and  demonstrable  one. 

:he  other  hand,  to  say  that  without  free  oxygen  there  can  be  no  life 

be  incorrect.     Pasteur's  investigations  have  shown  that  if  some 

organisms  can  live  only  where  air  and  oxygen  are  present,  others, 

have  been  terme^l  anaerobic,  much  prefer  an  environment  where 

wantincr.     Such  is  the  case  with  those  which  cause  fermentation. 
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to  be  had — oxygen  in  combination  with  one  or  the  other  of  the  otI>- 
stances  dissolved  in  the  liquid  under  consideration.    This  the  micro- 
organism uses  for  its  wants.    It  withdraws  this  oxygen  and  releases  it 
from  its  fetters — not  for  the  benefit  of  oxygen  certainly,  but  for  its  own 
advantage.    As  this  release  can  not  be  effected  without  releasing  also 
at  least  one  and  often  many  other  constituents  which  were  combined 
with  the  oxygen,  they  also  are  freed,  and  their  escape  is  one  of  the 
characteristic  phenomena  of  fermentation.    Let  us  take  an  instanit, 
that  of  alcoholic  fermentation.    This  requires  water  in  which  cane  or 
grape  sugar  is  dissolved  (cane  juice  or  grape  juice).     The  microbe 
removes  from  the  sugar  a  portion  of  its  component  oxygen,  thus  decom- 
posing it  into  free  carbonic  acid  and  alcohol.    This  is  one  iustsiDoe 
among  a  hundred.    In  all  the  process  is  fundamentally  the  same,    in 
all  processes  of  fermentation  a  microbe  is  present  which,  unable  to 
otherwise  obtain  its  requisite  supply  of  oxygen,  takes  it  by  decompos- 
ing the  surrounding  substances,  changing  them  into  new  compounds, 
containing  in  part  the  same  elements  as  the  original  bat  differently 
united.    So  we  see  that,  upon  tlie  whole,  anaerobic  micro-organ  isms, 
which  seem  more  or  less  to  shun  free  oxygen  and  air,  do  really  breathe 
oxygen,  as  other  organisms  are  wont  to  do.    Thus,  so  far  as  some 
organisms  are  concerned,  life  is  not  impossible  where  free  oxygen  is 
wanting;  and,  on  the  other  hand,  wherever  life  is  present,  some  method 
exists  by  which  oxygen  may  be  secured.    While  anaerobic  micro-or^n- 
isms  seem  to  be  exceptions,  they  fall  under  the  general  law  that  living 
organisms  must  have  oxygen. 

Between  such  anaerobic  organisms  and  those  which  need  free  oxy- 
gen many  transition  forms  exist.  It  will  be  sufficient  to  recall  the  fact 
that  vegetable  cells  are  aerobic  and  anaerobic  simultaneously,  since 
they  can  i>roduce  alcoholic  fermentation.  ''Let  us  place  a  beet  root 
in  carbonic  acid,"  says  Duclaux,  ''we  shall  see  it  produce  alcohol 
Cherries,  plums,  apples,  all  fruits  containing  sugar,  entire  saccharif- 
erous  plants,  under  the  same  circumstances  do  the  same.  Their  sugar 
is  in  part  broken  up  into  alcohol  and  carbon  dioxide.  The  only  differ- 
ence between  these  cells  and  those  of  veast  is  that  the  former  are  less 
suited  for  anaerobic  life,  and  the  fermentation  which  they  effect  is 
less  complete  than  that  effected  by  yeast,  and  they  stop  or  die  before 
all  the  sugar  has  been  transformed.  But  such  differences  are  only 
differences  in  degree."  If  we  now  turn  to  animal  cells,  we  find  that 
they  are  also,  in  fact,  anaerobic.  Dave  we  not  seen  that  free  oxygen 
dissolved  in  the  serum  of  the  blood  is  toxic,  and  that  it  kills!  That 
the  tissues  do  not  breathe  pure  or  free  oxygen,  but  require  to  have  it 
offered  to  them  combined  with  hemoglobin?  And  what  is  this,  if  not 
true  anaerobiosist  ^     Hence  we  must  draw  the  inference  that  while  all 


^Tho  notion  that  animal  cells  are  anaerobic  was  propounded  by  Past-enr.  A. 
Gantier,  in  1803,  took  it  up  with  some  valuable  ariruments  and  experiments.  Theso 
experiments  have  shown  that  quite  a  number  of  well-knowu  disassimilatiou  products 
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living  organiHiiis  require  oxygen,  and  must  have  it,  a  large  number  at 
all  events  require  to  have  it  oflered  to  tliem  iu  a  combined  form.  All 
animals  seem  to  prefer  combined  oxygen.  As  to  plants,  we  are  in  tlie 
dark.  Certainly  free  oxygen  enters  the  stomata;  but  is  the  oxygen 
use<l  as  such  by  cells,  or  does  it  previously  form  some  compound  with 
some  liquid  in  the  plant?  We  do  not  know.  What  we  do  know,  how- 
ever, is  that  on  our  planet  and  under  the  present  laws  of  organization 
and  life  where  oxygen  is  wanting  life  is  also  wanting,  and  that  where 
oxygen  is  iu  excess  of  the  normal  ratio  life  is  impaired  and  after  a 
time  destroyed.     Such  is  the  main  conclusion  to  be  kept  in  mind. 

We  will  now  consider  nitrogen,  or  azote.  The  name  is  significant.  It 
means  that  this  gas  is  not  adequate  to  maintain  life,  for  we  all  know 
that  if  an  animal  or  plant  be  placed  in  an  atmosphere  containing  nitro- 
gen only,  death  ensues  in  a  very  short  time.  It  should  not  be  inferred 
that  nitrogen  is  toxic.  We  inhale  a  large  proportion  of  it  without  the 
slightest  inconvenience;  but  it  is  inert,  and  neither  burns  nor  maintains 
combustion.  Its  only  function  in  respiration  seems  to  be  that  of  a  dilu- 
ent or  moderator.  Pure  oxygen  would  be  certain  death,  while,  diluted 
with  some  amount  of  nitrogen,  it  is  absorbed  only  in  the  requisite  pro- 
portion. Nitrogen  here  plays  the  part  of  water  added  to  wine — a  useful 
part,  most  certainly,  since  we  could  not  do  without  this  diluent — but  a 
negative  one.    But  what  more  could  be  expected  of  an  ineii;  gas! 

There  is,  however,  a  much  more  important  part  played  by  nitrogen 
in  the  economy  of  nature.  It  is  abundant  in  organisms.  It  forms  a 
large  i)roi)ortion  of  our  frame  and  tissues  and  is  most  abundant  in  the 
atmosphere.  Lastly,  as  shown  by  Magendie,  when  animals  are  deprived 
of  food  containing  nitrogen,  they  die.  Let  us  start  from  this  well- 
established  fact,  that  nitrogenous  food  is  necessary  to  maintain  life  in 
animals — in  higher  animals  at  least.  This  nitrogenous  food  is,  in  the 
long  run,  provided  by  plants.  While  a  few  plants — lentils,  for  instance — 
yield  fruits  containing  a  large  proportion  of  nitrogen,  the  greater  num- 
ber furnish  nitrogenous  food  only  by  undergoing  the  transformations 
which  animal  digestion  efiects  upon  vegetable  food — grass,  hay,  leaves, 
etc.  Some  animals  require  nitrogen  in  the  form  of  meat,  while  a  greater 
number  are  content  with  that  contained  in  plants;  but,  upon  the  whole, 
nitrogen  is  always  primarily  provided  by  plants.  Now,  as  nitrogen  is 
essential  to  all  animals,  how  do  the  plants  which  provide  it  manage  to 
incorporate  it?    Where  do  they  get  it! 

The  soil  contains  some  amount  of  nitrates,  a  proportion  of  which 
it  is  quite  certain  that  plants  absorb,  for  cultivation  always  impov- 
erishes the  soil,  deprives  it  more  or  less  of  nitrogen,  as  (chemistry  shows, 
and  in  order  to  restore  its  fertility  nitrogen  must  be  added  to  it  under 

irhifh  are  found  in  tbo  blood,  in  tbo  urine,  etc.,  are  produced  by  tbe  cells  of 
the  1 1^4} lies  after  circulation  lias  entirely  ceastMl.  wben  air  .ind  oxygen  are  no  more 
broQ^bt  to  tbem.  Tbe  inference  is  that  uuimal  ceiia  are,  according  to  circuui- 
8tauce8;  aerobic  or  auaerobic. 
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the  form  of  lutrogenoiis  manures.  But  notice  must  be  takeu  of  the  fol- 
lowing; facts.  1 II  the  first  x)lace,  forests — whose  age  is  often  very  great- 
go  on  growinj^,  although  for  centuries  no  manure  has  been  added  to  the 
soil  on  which  they  grow,  and  the  same  is  true  of  pasture  land.  Again, 
it  is  a  well-known  fact  that  if  soil  is  manured  with  jiny  iiltrogenons 
manure,  it  yields  more  nitrogen  in  the  crop  than  was  given  to  it  in  tlie 
fertilizer.  These  facts,  ascertained  by  Boussingault  many  years  ago, 
suggested  the  idea  that  atmosidieric  nitrogen  might  play  some  ]mrtiu 
the  nutrition  of  plants,  and  that  in  some  way  or  other  they  might  borrow 
nitrogen  from  the  atmosphere  which  contains  such  an  amount  of  iliis 
substance. 

To  l;c  sure,  the  atmosphere  contains  some  ammonia  (nitrogen  aud 
hydrogen  combined),  but  the  amount  is  very  small.  Mayer,  of  Heidel- 
berg, while  cultivating  in  the  oj^en  air  plants  whose  roots  were  immersed 
in  nutrient  solutions  from  which  nitrogenous  compounds  were  exchided, 
and  protecting  them  against  rain  so  as  to  exclude  the  infiaence  of  such 
nitrogenous  compounds  as  exist  in  rain  wat«r,  obtained  a  crop  contain- 
ing exactly  the  same  amount  of  nitrogen  as  the  seeds  from  which  tlie 
plants  grew — not  a  milligram  more.  This  shows  that  the  amount  of 
ammonia,  or  other  nitrogenous  compounds,  which  may  be  borrowed 
from  the  atmosphere  by  plants  in  a  direct  manner  is  quite  iusiguificant 
But  while  plants  may  obtain  very  little  or  nothing  from  the  atmosphere 
by  direct  i)rocess,  the  case  is  entirely  altered  when  indirect  processes 
are  allowed  to  operate.  Under  such  circumstances  atmospheric  ammonia 
when  combined  with  the  elements  of  the  soil,  plays  an  important  part, 
as  shown  by  Berthelot.  Instead  of  remaining  useless,  as  when  con- 
tained in  the  atmosphere,  it  then  becomes  useful,  aud  is  utilized' by 
plants.  This  process  by  which  atmospheric  ammonia  combines  with 
soil  elements  is  not  a  spontaneous  one  such  as  that  by  which  hydrogen 
burning  in  oxygen  forms  water — there  is  no  unavoidable  chemical  reac- 
tion— it  is  effected  by  the  agency  of  detinite  micro  organisms.  \Vhilea 
specimen  of  soil  left  to  itself  under  normal  circumstances  acquires  more 
nitrogen,  the  same  specimen  remains  unaltered  (neither  loses  uor 
acquires  nitrogen)  when  it  has  been  previously  sterilized  by  subjecting 
it  to  a  heat  above  10r>o  or  110-  C,  by  which  all  micro-organisms  are 
killed.  Again,  M.  Schloesing  and  Muutz  have  shown  that  it  is  by  dif- 
ferent micro-organisms  that  the  nitrogen  contained  in  nitrogenous 
organic  matters  of  arable  land  is  made  to  combine  with  other  matters, 
and  to  form  nitrates.  One  generates  ammonia;  another  transforms 
ammonia  into  nitrous  acid,  which  forms  nitrates  by  combining  with 
basic  elements,  and  lastly  a  third  micro-organism  transforms  the  nitrites 
into  nitrates;  and  this  trijde  process  is  what  is  called  nitrification — an 
operation  fully  investigated  by  Munro,  Winogradsky,  and  Frankhind. 

Thus,  by  one  means  or  another,  atmospheric  ammonia  may  be  put 
within  reach  of  plants  and  be  used  by  them.  But  ammonia  is  however 
a  very  small  juoportion  of  the  nitrogenous  contents  of  the  atmosphere. 
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I«  there  no  other  supply,  and  especially,  is  there  no  method  by  which 
pure  atmospheric  nitrogen  may  bo  also  utilized  by  phmts?  In  view  of 
the  considerable  amount  of  nitrogen  contained  in  atmosphere,  the  nnxt- 
t^r  is  one  of  g^reat  importance  to  plants. 

The  question  has  been  answered  by  Ilelirief^el.''     After  twenty-five 

years'  investigation,  the  learned  director  of  the  agricultural  station  of 

Bemberg  has  finally  proved  conclusively  that  certain  plants  at  least 

hve  the  power  of  assimilating  atmos])heiic  nitrogen.    These  plants 

belong  to  the  leguminous  family.    While  cereals,  for  instance,  need  to 

be  provided  with  nitrogen  under  the  form  of  nitrogenous  compounds 

mingled  with  the  soil,  or  under  the  form  of  nitrates  or  ammonia  salts, 

iopines,  i>ease,  clover  and  such  plants  do  very  well  without  such  com- 

EK>auds.     And  yet  they  contain  nitrogen ;  moreover,  agriculturists  know 

hat  they  not  only  do  not  require  nitrogenous  manure,  but  that  after 

hey  have  been  grown  on  a  soil  they  contain  more  nitrogen  than  the 

ml   could    possibly  have  furnished;  hence  the  name  of  *' bettering 

>lants."     If   they  are  buried  in  the  soil,  they  not  only  restore  the 

imount  of  nitrogen  which  they  may  have  derived  from  it,  they  add  to 

t  an  excess  which  they  have  obtained  elsewhere;  that  is  to  say,  from 

Jbe  atmosphere.     Plants  grown  in  a  soil  totally  deticient  in  nitrogen 

contain  much  more  of  it  than  the  seeds  from  which  they  spring — i>ro- 

vided,  however,  one  condition  is  fulfilled.    This  condition  is  that  the 

roots  possess  certain  peculiar  outgrowths  or  small  tumors— nodules,  as 

they  are  commonly  called — in  which  a  special  sort  of  bacteria  is  found. 

If  the  bacteria  are  wanting,  the  plant  does  not  grow  well ;  it  remains 

puny  and  deficient  in  nitrogen,  but  if  watered  with  water  to  which  has 

been  added  a  culture  of  the  requisite  species  of  bju^teria  it  becon)es 

thrifty  and  yields  an  amount  of  nitrogen  amounting  to  a  hundredfold 

the  weight  contained  in  the  seed. 

It  seems  that  in  different  species  of  leguminous  plants  the  active 
and  important  species  of  bacteria  are  different.  That  which  is  adapted 
to  'acacia,  for  instance,  although  it  does  not  suit  pease,  works  well 
with  beans,  and  vice  versa.  Are  we  to  draw  the  inference  that  each 
si»ecie8  of  this  family  has  its  own  special  bacterium?  Kobbe  is  not  of 
this  opinion;  he  thinks  there  is  only  one  species,  which  he  calls  Bac- 
terium  radleoJa;  but  that  within  this  species  a  number  of  races  or 
varieties  has  been  evolved,  each  one  specially  adapted  to  a  sort  of 
communalism  with  a  particular  species  of  plant.  For  instance,  if  one 
individual  of  this  bacterium  lives  in  the  nodosities  of  one  parti(;ular 
plant,  its  progeny  becomes  specially  adapted  to  life  on  the  same  species, 
and  does  not  thrive  on  another  species.  Such  is  Nobbe's  view  brierty 
summarized,   and   it  would  explain   many  curious  facts  noticed   by 

Ifprniann  Hellri«^gel,  bom  1831,  died  September,  1895.  This  important  work  wns 
arcofnpliffhpcl  with  the  cooperation  of  Mr.  Wilfsirth,  and  was  made  known  in  18><6  at 
the  NatnrfV»n»cher-Versaniinhin«r  in  Berlin.  Varro  and  Ww  old  lioman  larmerr^  had 
noticed  that  In^anH,  lupines,  and  vetches  render  the  soil  more  frniti'ul,  hut  liellriegtd 
and  Willai  th  liiHCovered  the  reason. 
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agriculturists  and  horticnlturists  conceriiing  sympathies  and  antipa- 
tliies  between  plants,  and  like  matters. 

The  quantity  of  nitrogen  which  legaminoas  plants  can  obtain  from 
the  atmosphere  by  means  of  the  bacteria  which  live  on  their  roots  may 
be  very  considerable;  it  may  amount  to  100  or  150  kilograms  per  hec- 
tare (2J  acres).  Hence,  it  is  an  excellent  plan  with  soils  deficient  m 
nitrogen  to  grow  and  turn  under  leguminous  plants.  It  follows  also 
that  if  a  given  soil  seems  unlit  for  the  culture  of  a  particular  legumin- 
ous plant,  this  may  be  because  it  does  not  contain  the  necessary  bac 
teria,  and  under  such  circumstances  all  that  is  required  is  to  inoculate 
it.  A  culture  is  not  required;  it  is  enough  to  sprinkle  some  earth 
taken  from  a  field  in  which  leguminous  plants  of  the  same  species  have 
grown  and  thriven.  The  bacteria  abound  in  that  earth,  and  at  once 
multiply  in  the  field.  This  is  no  matter  of  mere  laboratory  experiment: 
the  process  has  been  tested  on  a  large  scale  at  Meppen  in  Germany, 
by  M.  Salfeld,  with  the  best  results,  the  crop  having  been  then  doubled 
and  trebled. 

This  inoculation  may  be  performed  in  another  manner.  M.  Breal, 
of  the  Paris  Museum  of  Natural  History,  grows  two  lupines  in  sepa- 
rate pots,  filled  with  sterilized  earth.  He  inoculates  the  roots  of  the 
one  with  a  needle  dipped  previously  in  a  culture  of  the  appropriate 
bacterium,  while  the  other  is  not  inoculated.  The  result  is  that  the 
former  thrives,  while  the  latter  remains  puny  and  perishes. 

Besides,  Schloesing  and  Laurent  have  shown  that  if  different  lej^i- 
minous  plants  are  cultivated  in  a  confined  atmosphere  the  amount  of 
nitrogen  in  the  air  decreases. 

The  general  result  of  the  very  important  labors  of  Hellriegel  and 
Wilfarth,  of  Kobbe,  of  Sir  John  Lawes  and  Sir  Henry  Gilbert  is,  then, 
the  discovery  that  different  plants  of  the  leguminous  family — belonging 
m  particular  to  the  papilionaceous  division — are  endowed  with  a  very 
special  mode  of  nutrition,  quit<»  different  from  that  of  other  phanero- 
gams. By  means  of  the  cooperation  of  a  few  micro-organisms  which 
dwell  in  and  on  their  roots,  they  are  enabled  to  draw  free  nitrogen  from 
the  air ;  not  ammonia,  nor  any  other  form  of  combined  nitrogen,  but  free 
nitrogen,  which  is  used  as  a  nutriment.  And  thus  it  happens  that  that 
enormous  quantity  of  nitrogen  which  goes  to  make  a  large  projior- 
tion  of  the  atmosphere,  instead  of  being  useless  as  it  seemed  at  first 
is  of  very  great  importance  to  plant  life.  The  probabilities  are  that  it 
is  even  greater  than  it  now  ai>pear8.  We  feel  it  difficult  to  conceive 
that  only  a  small  proportion  of  plants  are  able  to  avail  themselves  of 
this  source  of  nitrogen,  and  physiology  teaches  us  that  so  far  as  the 
principal  functions  of  life  are  concerned  there  reigns  great  similitude 
in  the  processes  by  which  they  are  eflfected.  That  papilionaceous 
plants  only,  of  the  whole  host  of  the  vegetable  world,  should  be  able 
to  acquire  nitrogen  in  the  manner  described  seems  unlikely,  and  thence 
the  opinion  that  a  similar  process  and  a  similar  function  must  obtain 
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amou^  other  fauiilies  of  plants.     This  is  but  an  hyiKjthesis,  however, 
and  no  detiuite  statement  can  yet  be  made  coneeiiiing  this  attempted 
genemlization.     Some  facts,  indeed,  go  against  it,  and  show  that  cer- 
tainly not  all  plants  have  the  functions  which  we  have  noted  in  the 
papihoiiaeeoiis   family.    Messrs.  Schloesing  and   Laurent  infer  from 
experiment    that  some  species  at  least  are  unable  to  make  use  of 
atmospheric  nitrogen,  and  require  to  have  it  provided  to  them  under 
the  forui  of  ditt'erent  compounds  contained  in  the  fragments  and  drdnis 
of  other  plants,  which  thus  play  the  part  of  manure  and  food.    While 
tlie  lion  and  tiger  eat  the  sheei)  and  deer,  some  plants  eat,  so  to  say, 
their  congeners,  and  exhibit  a  form  of  cannibalism.     The  latter  obtain 
nitiogeii  from  the  atmosphere,  and  after  death  their  remains  serve  as 
food  for  other  plants.    Such  is  the  case  with  mosses  and  many  crypto- 
gams.    So,  observe  the  gradation :  Inferior  plants  ^  draw  nitrogen  from 
the  atmosphere;  superior  plants  feed  upon  the  remains  of  the  lower;* 
and,  lastly,  animals  feed  on  other  animals  or  plants.     Man  eats  both 
animals  and  plants,  and  crowns  the  edifice  of  life,  as  he  supposes;  but 
the  solid  substructure  upon  which  all  the  building  rests  is  merely  an 
agglomeration  of  humble  unnoticed  forms,  often  invisible  to  the  naked 
eye,  whose  functions  are  to  provide  the  animal  and  vegetable  king. 
doms  with  an  essential  part  of  their  food.     Whether  there  is  here  a 
plan  is  not  for  me  to  decide,  but  most  assuredly  the  connections  and 
interactions  are  of  interest. 

This  exi>ositiou  may  seem  somewhat  long,  but  it  was  necessary.    It 
shows  that  certain  plants,  at  least,  can  either  directly  or  indirectly  fix 
atmospheric  nitrogen  without  having  recourse  to  the  nitrates  of  nitrog- 
enous manures.     Here  again  it  is  shown  that  air  is  indispensable  to 
hfe.     A  gas  that  at  first  seems  inert  and  useless  is  found,  after  careful 
investigation,  to  play  a  most  important  part  in  the  nutrition  of  living 
organisms.     Without  nitrogen  there  would  be  no  plants,  no  food, 
no  animals,  no  mankind,  in  brief,  no  life  at  alL     And  if  atmospheric 
nitrogen  were  to  disappear,  life  would  soon  be  extinguished.     Who, 
then,  will  consider  this  element  of  the  air  as  useless? 
We  now  come  to  carbonic  acid. 

We  all  know  that  it  is  an  essentially  noxious  compound,  and  doubt- 
less there  is  little  in  its  history  to  redeem  its  reputation.  One  half  of 
our  respiratory  function  is  concerned  especially  with  the  task  of  ridding 


'Aod  some  Biiperior  plants  aUo,  such  as  those  of  the  papilionaceous  grou]);  Imt 
even  witli  them  the  process  is  indirect,  as  it  is  through  very  low  organisms  ( hacteria) 
that  nitrogen  is  brought  to  them. 

-When  Melchior  Treub  visited  Krakatoa  after  the  disaster  of  1S84,  iu  order  to 
invt^igate  the  floral  repopulation  of  the  islaud — seeds  being  brought  by  eurrents 
and  winch)  from  the  snrrounding  parts  in  abundance — he  noted  tliat  the  tirst  plants 
toa]»pear  were  alga;  and  lichens.  And  it  was  only  some  time  after  tlie  latter  had 
taken  a  foothold,  and,  so  t<»  say,  prepared  a  suitable  soil,  that  higher  jdants  were  seen, 
and  last]  \'  phanerogams.  This  progression  is  (xuite  in  accordance  with  physiological 
focts. 
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our  body  of  this  substauee,  which  is  unceasingly  generated  in  our 
tissues.  It  is  not  fit  for  breathing  purposes,  and  all  animals  aad  plauts 
perish  in  a  confined  atmosphere  when  the  proportion  of  this  gas  rises 
above  a  very  limited  ra  tio.  An  atmosphere  which  contains  one  per  cent 
carbon  dioxide  has  evil  eifects  upon  most  organisms,  and  wheu  the 
ratio  is  ten  per  cent,  life  is  endangered  and  death  only  a  matter  of  time. 
Carbonic  aci<l  is  of  no  use  at  all  to  the  tissues,  and  when  we  breathe 
in  an  atmosphere  where  this  gas  is  abundant,  the  blood  corpuscles  are 
not  able,  in  the  lungs,  to  get  rid  of  the  carbon  dioxide  they  have  col- 
lected in  the  body;  so  they  keep  it,  and,  keeping  it,  they  can  not  take 
with  them  the  amount  of  oxygen  necessary  for  the  cells  and  tissues. 
It  may  be  asked  why  they  keep  the  former.  The  reason  is  that  gas 
exchanges  between  the  blood  and  the  atmosphere  dei)end  ui>ou  the 
amount  or  tension  of  th(^  gas  in  both  media.  As  soon  aa  the  teiisiou  of 
carbonic  arid  in  the  atmosphere  is  greater  than  that  of  the  same  gas 
in  the  blood,  the  blood  corpuscles  retain  their  carbonic  acid.  If  the 
amount  of  carbonic  acid  in  the  atmosphere  is  inereased,  its  teusioii 
becomes  at  some  i^oint  sujierior  to  that  of  the  same  gas  in  the  blood 
cori)uscles.  These,  then,  retain  the  noxious  gas  which  takes  the  place 
which  should  be  abandoned  to  oxygen.  The  result  is  death  by 
asphyxia.  Before  death  sui)ervenes  a  condition  of  amethesia  is  induced, 
which  Bichat  specially  investigated  by  means  of  an  ingenious  exi)eri 
ment,  through  which  the  venous  blood — well  provided  with  carbonic 
acid,  of  course — of  one  animal  was  made  to  pass  into  the  carotid  and  cer- 
ebral arteries  of  another,  so  that  the  latter  had  its  brain  irrigated  with 
asphyxic  blood,  and  was  brought  to  a  condition  of  anaesthesia.  Even 
wiien  applied  locally  to  the  surface  of  the  skin,  carbon  dioxide  induces 
a  state  of  local  and  temporary  insensibility,  a  fact  which  seems  to  have 
been  long  known  and  frequently  utilized.  Pliny  relates  in  his  Natural 
History  that  marble  (carbonate  of  lime),  when  mixed  with  vinegar  and 
placed  ui)on  the  skin,  puts  the  latter  to  sleep,  i.  e.,  renders  it  insensible, 
so  that  it  may  be  cut  and  burned  without  inducing  pain.  In  this  case 
the  anaesthetic  agent  is  carbon  dioxide,  which  is  set  free  by  the  action 
of  the  acetic  acid  of  the  vinegar  upon  the  carbonate  of  lime. 

Wlieu  carbon  dioxide  acts  upon  the  entire  organism,  as  when  it  is 
inhaled  by  the  lungs,  it  induces  general  anaesthesia.  This  has  been 
investigated  by  a  number  of  physiologists,  and  one  among  them,  M. 
Ozanam,  has  found  it  so  satisfactory  that  he  feels  no  hesitation  in 
commending  it  as  a  substitute  for  ether  or  chloroform.  His  advice  has 
never,  to  my  knowledge,  been  followed  by  surgeons  or  i)hy8iologists, 
and  some  doubt  ma}'  be  exi)ressed  as  to  the  expediency  of  using  for 
surgical  or  other  purposes  so  dangerous  an  agent.  Some  cases  are 
known  in  which  man  has  been  deeply  under  the  influence  of  carbon 
dioxide  without  fatal  results.  In  such  circumstances,  antesthesia  has 
been  complete.  The  patients  relate,  at  least  some  of  them,  that  before 
becoming  unconscious  there  occurs  a  delightful  condition  during  which 


r  of  men  or  animals  are  gatliere*].  In  lecture  mill  assembly 
whi<-h  arc  often  erowded,  air  vitiates  raiii<lly;  iu  tlieaters,  in 
,  in  lecture  lialls,  its  nnieli  as  10  parts  per  llioiisaiiil  of  carbonic 
vs  l»ecii  obsDived,  and  in  Alpine  stables,  as  befiire  reftrred  to, 
aniiiiuls  and  men  were  crowded  togetlier,  each  seeking  Home 
li  in  the  dose  vicinity  of  liia  neighlior,  tlie  ratio  of  21  jiarts  per 
11(1  has  been  recorded,'  Such  atmosphere  is  Uixic,-  aud  proofs 
f  are  not  wantinp. 

.  H.  Ki.liar.U.  <•(  the  MassaohiinpttH  Instifiito  of  Tn.Oimili'Ky,  Ims.  iliiriui; 
ant  pii-**,  mailn  mrnio  a-'HiO  iiiinlym-s  iit'  tlin  air  iil'  IitIiiii-  iriniiis.  'I'lii-  imr- 
?ragc  prnpcirtiiiii  •>(  carlHmic  iieiil  in  cxtcmul  iiir  is  liptn-cru  XI  ami  t.'J  ])it 

III  liiiililings.  tlio  proportion  inrrcosex  Jii-conliii;;  (i>  cir.iiiinlatiris.  Kiir 
.'.  ill  PiniTty  rnoni-i  it  ia  higher  liy  0. '<  on  tbn  av.-r:i:;e  in  c'iin-^ii|iii'iiii- of  tlji> 
iiisition  of  OTgiini'!  iiiattfT.  n-|iicli  nlwnyti  rrtiiiii[i!<  afU-r  Ihf  ]>a»">:i-<'  of  ntiy 
r  "f  hiiiuan  bf-in^,  in  tli«  rrriokii  of  tli«  floor,  nn  tliownlls.  ptc.  In  llif  ji^irlx 
t.uil.lii.i;  wher..  |.po].Io  ^onie  ;.n.l  go,  without  HfojiiMn!;  for  iiiiy  o.>Msiil.^r:il.'.^ 
»,o  ratio  ix  a  littl.'  hi.alier,  und  lirrome*  T,  per  lil.oOip,  I„  k...f  or.,  iooiim  tl.in.,-* 
the  vorst,  ufl  iiii^'ht  1)«  eipei-tei],  ami  the  T.itio  in  6  or  8  ami  'X-iMnioii^iMy  10 
olnniFo  of  carbonic  iiciil  p«r  10,000  of  nir.  If  siir;h  proportioiiH  iiri-  i-\ic-.-<k-il. 
>.-i:onie<t  iliHirult  anil  iluprnlitable.     Kach  mltilt  t-xbiiles.  on  nii  riv<T;.u'>-.  :i<'r  ont- 

Ani1r:il  :ioil  rinvitiret,  some  22  littTR  of  carln'Q  rlio\li!o  pi:r  hour,  mi  that  n 
rc;it1iiiig  in  a  ronlined  upACc  3  met<>rH  lon^,  2  mi'tirx  bi<;li.  :iiiil  2  incti-rn  wlile 

in  twenly^fonr  bonrs  trinsform  the  wboh-  of  tin;  nir  of  tliiH  s]i:ir'.'  into  iin 
viu(t  exactly  thy  coniposition  of  that  cvhal.-.l  from  tin'  lim^it.  It  iinmt  ii..t 
gotten  tb:it  each  ganiight,  nn  nn  !iTer.ii;i>.  piodiiceH  VJH  liti-rn  iif  cnrlion  •li'>\iiii) 
>ur.nn(l  10  gramn  of  candle  proilni-x  14  literH.  rniVrKiirh  riroiiiii^i.'iiirc!!  no 
in  wonder  that  the  atmoHphrru  becontcH  ho  Hoon  vitintcil  iti  rouiiix  nliiTi'  nuy 
leralile  nnmlier  ofperfwns  are  otuieinhh'd. 
Ih  toxic  in  itK  natural  condition,  by  which  is  meant,  if  n^yni'n  is  prcui'iit  in  it 
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For  instance,  during  the  wars  in  India,  146  prisoners  were  one  even- 
ing at  8  o'clock  shut  up  in  a  small  room.  Out  of  tbe  number  only  TjO 
were  still  living  at  2  o'clock  next  morning,  and  at  daybreiik  only  23,  all 
dying.  Again,  after  the  battle  of  Austerlitz,  out  of  300  prisoners  eon- 
fined  in  an  ill-ventilated  cellar,  2C0  died  in  a  lew  hours  through 
asphyxia,  induced  by  an  excessive  proportion  of  carbon  dioxide.  And 
at  the  celebrated  Oxford  assizes  (the  '*  fatal "  or  "  black ''  assizes  in  1557), 
the  high  sheriff  and  300  other  persons  died  suddenly  in  court  from 
asphyxia  induced  by  the  same  means.  It  may  be  that  in  these  cases 
some  other  influence  was  also  at  work,  and  that  some  exhaled  substance 
similar  to  that  which  Brown-Sequard  and  d'Arsonval  thought  they  bad 
detected,  added  its  influence  to  that  of  carbonic  acid ;  but  the  existence 
of  this  substance  has  not  yet  been  proved,  although  it  seems  probable. 

Other  cases  of  poisoning  by  carbonic  acid  are  met  with  in  natural  con 
ditions.  Men  and  animals  are  occasionally  killed  by  such  gas,  exhaled 
by  neighboring  springs  and  accumulated  in  hollows  or  small  valleys. 
Such  ^* death  valleys"  have  been  described  by  many  travelers.  No 
plant  is  seen,  not  a  blade  of  grass,  not  a  shrub  or  tree.  The  soil  is 
bare,  stony,  and  as  if  struck  with  death.  Here  and  there  a  skeleton  is 
perceived  bleaching  in  the  sun — a  skeleton  of  bird,  mammal,  or  eveu 
man.    Ignorant  of  the  fatal  properties  of  the  valley,  animals  or  men 


recinired  than  the  16  to  20  cubic  meters  of  air  per  iudividual  per  hoar^  that  waa 
formerly  cousidered  as  sufficient.     In  tbe  bost  ventilated  hospitals  of  Paris  100  cnbic 
meters  are  provided,  bnt  under  normal  conditions  (K)  a.re  quite  enough  for  persons  iu 
good  health.    As  a  rule,  the  atmosphere  of  a  room  may  be  considered  as  vitiated  m 
soon  as  it  begins  to  smell  close.     When  this  happens,  however,  it  must  not  be  con- 
sidered as  due  to  the  smell  of  carbonic  acid  itself,  which  is  scentless.     The  smell  of. 
close  air  is  due  to  organic  substances — hitherto  undefined,  or  o:»ly  partly  known— 
which  are  exhaled  by  men  and  animals,  and  probably  more  by  the  skin  and  its 
impurities  than  by  the  lungs  themselves,  and  generally  the  amount  of  these  sub- 
stances is  considered  as  roughly  proportional  to  the  amount  of  carbon  dioxide  met 
in  the  air.     Smell  is  considered  as  indicating  approximately  the  nnhealthiness  of  the 
atmosphere  as  regards  respiratory  purposes,  and  is  a  safe  enough  criterion.     When 
a  room  becomes  close,  it  should  be  thoroughly  ventilated,  and  in  such  case  a  draft 
should  always  be  established,  two  doors  or  windows,  on  different  sides  of  the  room, 
being  opened.     One  is  not  enough;  both  are  required  in  order  to  completely  exi)el 
the  close  air  and  replace  it  by  pure.     Generally  servants — and  masters  as  well— are 
content  with  imperfect  ventilation.     Such  is  especially  the  case  in  winter,  when  air 
is  often  vitiated  by  the  presence  of  a  gas,  carbon  monoxide,  which  is  given  off  in  very 
small  quantities  by  different  heating  apparatus,  stoves  especially.     Although  this  giw 
is  never  present  in  any  great  quantity,  it  is  a  source  of  considerable  danger;  and  in 
conntriea  where  slow-combustion  stoves  are  used,  it  is  each  year  the  cause  of  many 
deaths.    Carbon  monoxide  has  even  greater  atlinities  for  hemoglobin  than  has  oxygen, 
it  therefore  combines  with  it  and  thus  there  is  no  place  left  in  the  blood  corpuscles  for 
oxygen,  and  the  blood  then  carries  no  more  of  the  latter  gas  to  the  cells  au<l  tissaes 
of  the  body.    This  gas  is  also  found  iu  the  air  of  mines,  but  in  the  open  air  is  not 
met  with,  or  exists  iu  such  small  quantities  that  it  can  not  be  detected  by  present 
methods. 
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have  wandered  there  while  in  pursuit  of  food,  and  in  the  lower  i)art, 
where  the  influence  of  wind  is  the  least  and  where  the  heavy  gas  nat- 
urally aecumiilates,  asjihyxia  rapidly  ensues.  None  who  enter  come 
ont  alive,  and  the  bird  of  prey  soaring  in  the  heights,  whose  keen  eye 
perceives  the  victiiii  in  the  death  struggle,  and  who  pounces  down 
uiK)n  this  welcome  opportunity,  is  vanquished  in  turn  and  rises  no 
more. 

Fatal  to  animals  as  well  as  plants,  exx)ell€d  by  both  from  the  organ- 
ism as  soon  as  it  is  i)roduced,  carbonic  acid  appears  to  all  under  the 
feature  of  a  death-dealing  agent,  as  a  gas  whose  toxicity  is  unquestion- 
able.   The  only  word  that  can  be  said  in  its  behalf  is  that  at  the 
moment  of  death  it  may  act  a  kindly  part.     Death  in  the  majority  of 
cases,  as  a  consequence  of  disease,  is  induced  by  asphyxia.    During 
the  death  struggle  respiration  fails  gradually,  becomes  slower  and  more 
8aperfi<:ial,  with  the  inevitable  result  that  carbonic  acid  accumulates 
in  the  Wood.     It  is  probable  that  when  man  is  about  to  fall  into  his 
iast  slumber,  when  the  body  is  on  the  point  of  entering  that  final  stage 
of  dissolution  and  disintegi-ation  which  we  call  death,  carbonic  acid 
intervenes  and  plays  its  part,  slowly  drawing  the  curtain,  gently  imt- 
ting  iiitelli*^ence  to  sleep,  rendering  it  unconscious,  deaf  to  sound, 
insensible  to  x^ain,  and  by  beneficial  and  kind  anjesthesia  easing  the 
final  aot  of  physical  life.    This  may  well  be  so,  and  this  gas  which 
some  physiologists  consider  one  of  the  agents  by  which  each  of  us  is 
brought  into  the  world  by  stimulating  the  contractions  of  the  mater- 
nal womb,  thus  also  assists  us  out  of  it. 

This  function,  however,  is  not  the  only  beneficial  one  which  carbonic 
acid  fnltills,  and  concerning  that  very  unwholesome  and  toxic  constitu- 
ent of  the  atmosphere  much  remains  to  be  said.  The  unfavorable  fea- 
tures have  been  put  in  full  light;  it  is  but  fair  to  do  the  same  for  the 
redeeming  traits,  and  this  shall  j)roceed  to  do. 

All  animals  directly  or  indirectly  feed  upon  plants,  and  jjlants  draw 
from  the  soil  the  greater  i)art  of  their  mineral  constituents.  Nitrogen 
and  oxygen  they  borrow  from  the  atmosphere.  But  what  about  car- 
bon? The  matter  is  important,  as  their  frame  and  tissues  contain  a 
large  quantity  of  this  substance.  Two  sources  arc  available.  Carbonic 
acid — c^arbon  combined  with  oxygen — is  present  in  the  soil,  where  it  is 
to  be  foand  combined  with  different  substances  in  the  form  of  carbon- 
ates, and  in  hnmu."^,  the  superficial  layer  of  the  soil,  made  up  of  frag- 
ments of  leaves,  of  branches,  of  roots  dead  and  decomposed,  of  mosses, 
ilvsul  ferns,  etc.  But  we  can  not  take  into  account  the  carbon  which 
exists  in  humus,  as  the  first  plants  which  ax)peared  could  not  have  made 
use  of  it.  There  remain  the  carbonates  of  the  soil,  and  it  would  seem 
to  follow  that  this  must  be  where  plants  obtain  the  larger  amount  of 
the  caribou  they  nse,  as  Mathieu  de  Dombasle  and  many  other  agricul- 
turists after  him  supposed.  A  number  of  experiments  by  Sprengel, 
K3I  9r> 12 
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Be  Saussure  and  others,  have  shown,  however,  that  the  jiart  played  b? 
carbonates  is  less  important  than  was  thought,  and  more  recently  Liebig 
has  established  the  fiiet  that  plants  grow  and  thrive  quite  well  in  a  soil 
whence  all  carbonates  have  been  expelled.    Wliere  then  do  they  get 
their  carbon!     We  know  now  that  they  take  it  from  the  atinospbere. 
It  is  their  privilege  to  decompose  the  carbonic  acid  contained  in  air 
and  to  liberate  its  elements;  that  is,  oxygen  which  is  exhaled  and  carbcm 
which  is  retained  in  their  tissues.     And  the  cultivated  area  of  France- 
some  41,000,000  hectares — absorbs  by  this  means  some  60,000,000  tons 
of  carbon  each  year.    This  imi^ortant  operation  can,  however,  be  per 
fonned  only  under  three  conditions.    As  only  green  parts  are  capable 
of  taking  carbon  from  the  air,  the  plant  must  be  provided  with  cbloro 
phyll — that  green  substance,  which  is  the  cause  of  the  color  of  leaves,  and 
must  be  exposed  to  the  rays  of  the  sun  and  to  a  favorable  temperature. 
Chlorophyll  can  decompose  Ciirbonic  acid  only  under  the  influence  of 
light  and  moderate  heat;  in  darkness  and  under  too  great  or  too  lot 
heat  it  no  longer  acts,  and  the  result  is  that  plants  suflFer  and  die, 
victims  of  inanition.     For  it  must  be  clearly  understood  that  the  cbloro- 
phyllian  function  is  one  of  nutrition,  quite. distinct  from  the  respiratory 
function.    In  the  hitter  fuTiction  plants,  like  animals,  absorb  oxygen 
and  exhale  carbonic  acid;  in  the  former  the  reverse  obtains.    Tbeoiie 
goes  on  during  night  and  day,  the  other  is  in  operation  by  daytime  only, 
and  the  function  of  nutrition  lasting  less  time  must  necessarily  be  more 
active  than  the  respiratory  process;  otherwise  the  equilibrium  would 
be  destroyed  and  the  plant  would  lose  more  tlian  it  acquires  and  eon 
sequently  suffer. 

It  is  by  the  leaves  mainly,  and  by  the  roots  in  a  lesser  degree,  tbat 
atmospheric  carbon  dioxide  is  absorbed;  but  in  both  cases  the  gas  must 
be  brought  to  the  leaves,  to  the  parts  containing  chlorophyll,  becaase 
these  parts  only  can  use  it — can  take  the  carbon  and  expel  the  oxygen. 

Hence  it  follows  that  this  violent  poison,  this  gas  which  is  harmfiil 
for  all  organisms,  and  which  kills  them  as  soon  as  it  accunndates  in 
the  atmosphere  even  in  small  proportions,  is  essential  to  all  terrestrial 
life.  If  it  were  to  be  destroyed,  if  air  were  to  contain  no  more  of 
it,  all  i^lants  on  the  surface  of  the  earth  would  die  within  a  sbort 
period — some  weeks  at  most.  After  this,  as  a  matter  of  course,  iierbiv- 
orous  animals  would  die,  and  this  would  not  require  more  tlian  a  month. 
Carnivorous  animals  would  hold  out  a  little  lon'ger,  as  the  stronger 
would  feed  upon  the  weak,  but  after  a  few  weeks  they  also  would 
go  in  turn,  and  only  a  few  miserable,  half-starved  specimens  of  mankind 
would  be  seen  feebly  struggling  from  one  rotting  carcass  to  another, 
amidst  as  barren  scenery  as  can  be  observed  by  looking  at  the  moon 
through  a  telescope,  and  they,  too,  would  have  to  die  soon  after,  notwith- 
standing cannibalism  or  such  other  extreme  methods  which  dire  neces- 
sity might  suggest.     In  a  few  months  all  nature  would  be  dead. 

While  carbonic  acid  is  a  poison,  a  substance  which  endangers  life 


Biological  influence  of  the  Atmosphere  (Jonsidbbbd 
FROM  THE  Physical  Poiht  of  View. 

mast  uow  discuss  another  side  of  this  complex  question,  we  must 
ritb  air  considered  as  a  physical  substance,  atid  esi>ecially  as  a 
ince  having  weight  whieli  presses  uiwn  all  living  organisms.  This 
o(  view  is  not  less  important  tban  tlie  preceding,  and  deserves 
ittentiou,  by  reason  of  tbe  relations  whicb  exist  betweeu  life  and 
plieric  pressure. 

atuiospbcie,  as  previously  noticed,  being  a  physical  substance, 
ses  weight,  and  exerts  a  pressure  upon  tbe  earth  and  all  beings 
ibabtt  it.' 

long  as  uieu  or  animals  keep  near  sea  level,  or  do  not  climb  to 
lingly  high  altitudes,  the  normal  average  vivriatious  of  pressure, 
icated  by  the  barometer,  are  of  small  influence,  and  the  macb 
'ou><iderable  variations  which  are  encountered  when  one  ascends 
ains  or  goes  up  in  a  balloon  are  not  barmftil  as  loag  as  they  do 


avera^  pressure  of  tlie  .itmusphere  varieB,  as  before  stated,  accordiDg  to  the 
;  i>f  tiiB  locality,  HDcl  alsu  in  the  same  locality  at  different  times.  At  the  aea 
lix  average  presfiire  amounts  to  a  little  over  a  kilogram  per  square  ceuti- 
I4ruci*  tlie  toLal  neiglit  sapjiorted  by  an  average  man  is  about  18,000  kilograiua. 

icu  tliti  average-  weiglit  per  square  centimeter  goes  dowu  to  T93  grams;  at 
tn  T5L'i  at  Antieaua,  to  G39;  and  it  is  no  difflcnlt  matter  to  obtain  tbe  figure 
-eprtHent-K  tbe  weiglit  snpporteit  by  man  in  sni'li  localities,  when  one  knows 
K  akin  Biirfucc  of  an  average  adult  is  somewbere  between  1,400  and  1,500 
cviitimrtcrs.  The  pbjsicist  Haiiy,  explaiuiug  and  coranientiDg apon  tbecul- 
urt  by  nieanH  of  wbich  tbe  average  preBHure  exerted  npon  tbe  boil.v  is  aacer- 

reniarkn:  ■' And  tbat  la  tlie  wtiigtt  which  those  philosophers  of  old  bad  to 
III  reiiiit  who  denied  weiifbt  to  the  atmosnhere.'' 
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iK)t  exceed  certain  liiiiits.    But  beyond  these  limits  danger  exists  for 
both  animals  and  man,  and  while  the  effects  are  not  exactly  the  same 
for  all  species,  and  do  not  occur  at  exactly  the  same  altitude  with  all 
sjjecies,  or  even  individuals  of  the  same  species,  the  general  fact  remains 
that  at  high  altitudes,  or  under  very  low  pressures,  life  is  more  or  lea 
endangered  from  different  causes.     In  order  to  ascertain  these  causeii 
it  is  not  convenient  to  take  men  or  animals  into  high  altitudes,  as  the 
experimenter  would  be  apt  to  be  also  influenc^ed  by  the  diminution  of 
pressure,  in  consequence  of  which  the  value  of  his  observations  niiglit 
be  considerably  reduced.     A  better  method,  easily  available,  is  that 
used  in  laboratories,  of  providing  large  or  small  air-proof  chaml)er8  in 
which  the  pressure  may  be  increased  or  diminished  at  will,  so  tbat, 
without  going  out  of  the  laboratory,  the  same  patient  or  animal  may 
be  subjected  by  turn  to  the  pressure  which  reigns  at  the  bottom  of  the 
deepest  mine,  or  even  to- far  higher  pressure,  amounting  to  800  or  1,0U0 
fitmosi)heres,  and  to  that  met  on  the  top  of  the  highest  peak  of  the 
Himalayas,  or  at  twice  or  three  times  that  height  in  the  lighti'st  of 
balloons.     With  such  instruments  observation  becomes  easy,  and  is 
effected  under  the  most  favorable  circumstances,  as  the  operator  is  able 
to  obtain  at  a  few  moments'  notice  exactly  the  amount  of  pressure  be 
wishes  to  have. 

The  influence  of  those  extreme  pressures,  high  or  low,  where  life 
becomes  endangered,  was  very  fully  investigated  by  Jourdanet,  and 
afterwards  by  Paul  Bert,  and  those  investigations  have  taught  us  by 
what  means  they  become  dangerous.     The  limits  of  pressure  witbiu 
which  no  harm  occurs  are  variable  according  to  species.    All  t^rres^ 
trial  and  aquatic  animals  may  and  do  resist  certain  variations  iu  pres 
sure,  whether  above  or  below  the  average.    Man,  for  instance,  can 
work  at  a  kilometer  below  the  sea  level  without  any  injury,  and  be  can 
travel  to  the  height  of  5  or  6  kilometers  in  the  atmosphere  without  being 
necessarily  affected  by  the  decrease  of  i)ressure.    It  is  the  same  with 
birds  and  mammals,  and  surface  or  shore  lishes  may  go  i^retty  deep  in 
the  seas  without  experiencing  any  unpleasant  effects,  while  deep  sea 
fish  may  travel  upward  for  some  time  before  reaching  the  danger  line, 
so  to  S])eak.     But  for  all  organisms  there  are  limits  in  the  variation  of 
pressure  which  can  not  be  transgressed  with  impunity;  there  are  limits 
beyond  which  life  is  destroyed. 

How  is  death  induced  in  such  cases!  We  must  consider  the  two 
different  cases  in  turn,  and  shall  begin  with  the  effects  of  diminished 
pressure. 

Four  hundred  years  have  now  elapsed  since  a  Jesuit  missionary, 
Acosta,  left  us  an  excellent  description  of  the  accidents  which  attend 
ascensions  in  high  mountains,  or  important  diminution  of  pressure. 
^' While  ascending  a  mountain  in  Peru,"  writes  Acosta,  "1  wa^s  sml 
denly  aflccted  by  so  strange  and  so  mortal  an  evil  that  I  nearly  dropimi 
from  mv  horse  to  the  ground.    *    •    *    I  was  alone  with  an  Indian,  and 


itioii,  wfaiuU  lequirvs  it  thicker  uiid  better  adapted.'*  Tliin  vaa 
II  threi'  liuiidrod  years  Ijefore  tlie  time  of  Priestley  aud  Lsiroisier, 
tt  the  expresKJoiis  used  by  Acosta  are  really  most  happy.  Atmns- 
:  air  in  the  altitudes  is  too  thin,  too  rarefied,  too  sulitle  for  the 
atioH  of  sni>erior  orgaiiJHiiiB.  Tlie.  evil  doscribed  by  Acosta  is 
rbieh.  in  ditTereiil  countries  and  places,  is  named  ptinii,  nororhe, 
<ial  lies  monfagHCK,  mountiiin  aieknesK,  balloon  KiclmnK.  It  lias  been 
recently  and  fully  described  and  iiivestifiiitcd  by  Tstibndi.  Lortet, 
lany  otlicrit;  each  has  noticed  the  vertigo,  vomiting,  anxiety,  aud 
le  which  rhara4:teriKe  it;  aiid  exact  e:^perimenl8 — those  of  Lortet 
lianveau,  among  others — have  shown  that  respiration  is  dimin- 
nrid  at  the  same  time  a<rcelerated ;  intense  mnscular  pains  Imve 
noticed,  and  also  cin^ulatory  and  nervous  symptoms,  which  cntl 
aly.sis  and  deatJi  if  the  perturbations  continue.  si»  in  case  of  the 
catastropbe. 

ile  it  would  be  quite  superttuous  for  our  present  parjiosi-  to  re- 
he  opinions  which  have  at  different  time.s  been  enleitaini'd  con- 
g  the  cause  of  these  dangerous  perturbations,  we  may  briefly 
irize  the  explanation  thereof  recently  given  by  Psnd  Hert  and 

I  is  ijnite  simple.  The  symptoms  and  death  are  <luf  to  n  diniiiiu- 
1  the  tension  of  oxygen,  which  is  itself  clue  to  the  rarefiiclioii  of 
:as.  As  everyone  will  understand,  if  the  siime  volume  contains 
h  altitudes  less  weight  of  air  than  in  low  altitudes  or  iit  the  sea 
it  follows  that  in  the  former  condition  there  is  Ie>s  -.uv  iivnil- 
less  of  eai-b  vonstitueut.  less  oxygen.     In  tlie  h<-i;.'!ir.s  of  tlie 
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Another  cause  also  operates,  in  tbe  case  of  fishes  or  otlier  aijiiatic 
animals  that  live  at  great  depths,  when  they  happen  to  rise  too  near 
the  surface,  thus  coming  from  high  to  low  pressure.  The  gases  of  tbe 
body,  dissolved  in  the  liquids  (blood,  etc.),  have  a  higher  tension  than 
the  outside  pressure,  and  the  result  is  that  these  gases  expand  awl 
burst  the  tissues  within  which  they  are  contained  when  the  exterior 
pressure  becomes  less  than  tiiat  which  reigns  in  the  interior.  The  case 
is  exactly  that  of  a  bladder  inflated  with  air  placed  in  the  receiver  of 
an  air  pump ;  if  the  air  of  the  cylinder  is  gradually  exhausted,  tlie  blad 
der  swells  until  it  explodes.  This  is  an  extreme  case,  which  hardly 
occurs  under  natural  conditions,  but  other  accidents  of  a  similar 
nature,  which  are  explained  by  the  same  mechanism,  often  do  occur 
in  man  or  animals,  as  we  shall  show  further  on. 

We  can  not  leave  this  subject  without  adding  a  few  words  coneern- 
ing  mountain  sickness.     It  is  a  well  known  fact  that  at  the  same  .alti- 
tude different  aeronauts  or  tourists  are  not  equally  affected.    Of  course 
this  statement  refers  only  to  moderate  altitudes,  between  3,00()  and 
4,000  meters.    At  the  very  same  place,  on  the  same  day,  one  j>erson  is 
a  victim  to  mountain  sickness  and  another  is  not.     As  only  individuals 
of  the  same  species  are  compared,  the  reason  of  the  difference  canouly 
lie  in  personal  or  individual  peculiarities;  no  specific    physiological 
differences  can  exist  such  as  those  met  with  when  one  compares  the 
influence  of  one  and  the  same  agency  or  poison,  etc.,  upon  individual* 
of  dift'erent  species;  there  is  no  evident  and  tangible  cause  smb  a* 
that  which  one  detects  when  comparing  the  resistance  of  the  duck  and 
of  the  common  fowl  to  submersion,  when  the  greater  resistance  of  the 
former  is  due  to  its  greater  amount  of  blood,  and  consequently  more 
considerable  provision  of  oxygen.    There  are  doubtless  physiological 
differences  of  real  importance  between  different  individuals  belonging 
to  the  same  s])ecies,  and  between  different  varieties  of  the  same  spe- 
cies; considered  in  toto  those  differences  are  more  important  and  more 
frequent  than  commonly  supposed,  and  probably  more  important  than 
those  external  morphological  characters  which  are  the  bases  of  classi- 
fication at  present.     But  such  important  differences  can  not  obtain 
between  two  individuals  belongiug  to  the  same  species,  and  thefiict 
that  they  may  occur  one  day  and  be  wanting  a  week  later,  shows  that 
they  are  merely  accidental  and  temporary. 

IVlountain  sickness  is  due  to  a  condition  of  asphyxia,  as  already 
noticed,  and  this  fact  explains  the  differences  referred  to,  as  an  ingen 
ions  experiment  performed  by  M.  Paul  Kegnard  amply  shows.  This 
experiment  was  suggested  by  the  proposal,  made  by  a  company,  to 
build  a  lift  by  which  to  reach  the  top  of  the  Jungfrau,  the  well-known 
Alpine  peak.  Before  setting  to  work,  it  was  desirable  to  ascertain 
whether  the  passage  from  low  to  high  altitude  would  not  pro<luce 
unpleasant  symptoms  in  the  tourists  using  the  lift,*  and  to  show  that 

n'ho  lift  was  to  bo  established  in  vertical  whafts  from  n  horizontal  tiiiniel  at  the 
base  of  the  inouutnin  to  the  top. 
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the  cirtuiiistances  atteDdiiig  tlie  excursion,  mountain  sickness 
tit  to  be  feared.  M.  Eegnard's  exi)eriment  answers  this  question, 
r  as  pli ysiologists  are  concerned,  the  question  was  settled,  but  the 
al  imblic  required  to  be  satisfied  upon  this  point.  The  experi- 
is  easily  repeated  in  any  laboratory,  and  it  is  quite  unnecessary 
!iMid  Mont  Hlanc  or  the  Himalayas  for  the  purpose.  All  that  is 
red  IS  a  glass  bell  jar,  an  exhausting  pump,  and  a  pair  of  guinea 

The  bell  jar  must  be  rather  wide,  and  it  is  placed — inverted — 
a  sm(K)th  and  even  surface,  such  as  that  which  can  be  afforded  by 
L-k  pane  of  glass. 

e  edge  of  the  jar  is  smeared  with  tallow,  so  that  when  placed  upon 
ane  tlie  aci'css  of  air  is  entirely  prevented.  Under  it  are  the  two 
ii\  pigs.  One  is  free  and  does  as  he  chooses;  the  other  is  placed 
small  treadmill  where  he  is  (impelled  to  exert  himself  somewhat 
(ler  to  preserve  his  equilibrium,  as  the  treadmill  is  made  to  turn 
d  by  means  of  electricity.  The  two  animals  represent,  the  first, 
?roDaut,  or  a  person  quietly  sitting  in  a  lift  where  no  exertion  is 
ired;  the  other,  a  mountain  climber,  who  has  to  expend  energy, 
to  work  if  he  wants  to  get  to  the  top;  and  now  both  must  be 
il  in  a  condition  similar  to  those  which  obtain  in  high  altitudes.  A 
trokes  of  the  air  pump  connected  with  the  bell  are  enough  to  bring 
ressure  to  correspond  exactly  with  that  which  exists  at  2,000,  at 
J  at  4,000  meters  height,  and  a  manometer  shows  the  pressure  pro- 
L  So  this  experiment  begins,  and  the  atmosphere  within  the  bell 
wly  rarefied,  as  would  happen  in  the  case  of  a  slowly  ascending 
'  mountain  climber,  and  because,  also,  rapid  decrease  of  pressure 
I  be  most  dangerous.  Up  to  the  decrease  of  pressure  which  cor- 
iids  to  a  3,000  meters  altitude  both  animals  remain  quite  well, 
[ie  who  works  his  way  up,  so  to  say,  as  well  as  the  other  who 
quiet  or  only  walks  a  few  i>aces  to  the  right  or  left.  The  process 
tinned  and  the  rarefaction  increased.  Before  the  pressure  corre- 
ing  to  4,0(K)  meters  altitude  is  attained,  however,  the  "working" 
1  i)ig  manifests  evidence  of  physiological  discontent.  Now  and 
le  stumbles,  and  does  not  exactly  keep  pace  with  the  treadmill; 
Ml  rolls  over  and  is  cdearly  out  of  breath.  When  the  manometer 
;  the  jjressure  to  be  that  which  corresponds  to  a  4,600  meters  alti- 
210  meters  less  than  the  altitude  of  Mont  Blanc),  this  guinea  pig 
Irely  disabled.  He  can  walk  no  more;  rolls  on  his  back,  and  is 
by  the  treadmill ;  ho  moves  no  longer.    In  fact,  he  seems  quite 

Life  is  not  extinct,  though,  and  the  animal  moves  when  air  is 

let  into  the  jar.    The  other  animal  is  in  an  excellent  state  of 

1.    At  no  moment  has  he  presented  the  slightest  synjptoms;  he 

?s  at  cabbage,  and  seems  quite  unconcerned  with  the  experiment. 

;s  not  affect  him  in  the  least. 

nay  then  be  considered  as  settled  that  the  quantity  and  quality  of 
r  contained  in  the  jar  are  quite  sufficient;  that  they  are  adequate 
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to  niaintaiu  life.  Aud  if  one  of  tbe  guinea  pigs  exhibits  symptoms 
of  asphyxia,  these  are  not  ascribable  to  the  nature  of  the  atmosphere. 
If  the  experiment  is  pursued  and  air  further  rarefied,  it  is  not  until 
the  decrease  of  pressure  corresponds  to  that  which  obtains  at  the  top 
of  some  peaks  of  the  Himalayas  (8,000  meters,  the  altitude  attained 
by  Glaisher,  but  in  a  state  of  unconsciousness)  chat  the  hitherto 
unaffected  guinea  pig  shows  symptoms  of  asphyxia.  Such  symptoms 
were  certain  to  occur,  since  the  quantity  of  air  was  decreasing  all  the 
time  and  must  at  some  moment  become  insufficient.  And  now  tbe 
experiment  has  proceeded  far  enough,  as  there  is  no  necessity  at  all  for 
killing  the  animals,  and  death  must  surely  be  the  result  if  the  e\\m' 
ment  is  allowed  to  continue;  air  is  now  let  in  slowly.  Both  animals 
recover  entirely,  the  latter  in  shorter  time  than  the  former. 

Now,  what  does  the  experiment  show!    It  shows  that  in  itself  alti- 
tude or  the  decrease  of  pressure  corresponding  to  altitude  within  the 
limits  of  3,000,  4,000,  5,000  meters  or  even  more  (under  8,000  meters) 
is  not  sufficient  to  induce  asphyxia  and  the  symptoms  of  moantiiio 
sickness.    The  proof  thereof  lies  in  the  fact  that  the  inactive  guinea 
pig  exhibited  no  asphyxic  sym^^toms  at  such  altitudes.    At  8,000  meters 
these  made  their  appearance.    They  were  unavoidable.    They  might 
have  begun  a  little  earlier,  they  might  begin  a  little  later — that  is,  at 
rather  lower  or  rather  higher  pressure — according  to  the  species  and 
individual;  but  it  is  certain  that  for  all  organisms  there  is  a  limit  iu  the 
heights  of  the  atmosphere  above  which  air  is  too  rare  and  tenuous  to 
maintain  life,  and  asphyxia  must  ensue.    This  first  fact,  however,  was 
already  known,  and  M.  P.  Regnard's  experiment  proves  nothing  new  in. 
that  line.    What  it  shows  is  that  muscular  efltbrt  hastens  the  produc- 
tion of  asphyxia  or  mountain  sickness,  and  of  this  the  active  gniue» 
pig  provides  an  excellent  demonstration.    Now,  muscular  effort  hastens 
asphyxia  or  mountain  sickness  because  it  is  itself  a  cause  of  relative^ 
asphyxia.    The  organism  that  works  and  expends  energy  uses  more 
oxygen,  and  therefore  needs  more  than  that  which  keeps  quiet.    The 
panting  which  follows  running,  or  is  the  consequence  of  rapid  mus- 
cular work  with  the  arms,  legs,  or  whole  body,  of  violent  exercise, 
proves  that  the  body  requires  more  oxygen,  and  if  the  expired  giwses 
are  analyzed  it  is  shown  that  carbonic  acid  exhalation  is  increased,  and 
it  is  clear,  therefore,  that  more  oxygen  is  required,  since  the  oxy^'en 
contained  in  carbonic  acid  is  borrowed  from  the  inhaled  air. 

M.  V.  liegnard's  guinea  pigs  are  exact  representations,  the  one  of  the 
aeronaut  or  of  the  person  in  the  lift,  the  other  of  the  Alpine  climber; 
and  since  muscular  exertion  alone  induces  a  state  of  incipient  asphyxia 
it  is  to  be  expected  that  in  rarefied  air,  which  itself  tends  to  tlie  same 
end,  that  condition  should  occur  quicker  in  the  organism  which  by  its 
activity  goes,  as  one  may  say,  to  meet  it. 

Practical  conclusions  are  easily  drawn  from  this  demonstration.  There 
is  no  reason  for  the  persons  who  may  be  carried  up  the  Jungfran  in  the 
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)jected  lilt  to  fear  the  effects  of  altitude.  The  example  of  the  inac- 
e  guinea  pi^  assures  them  of  iininuuity,  aud  except  in  some  almoot 
possible  cases  of  aua.*mia  or  weakness  they  will  exi)erieuce  no  dis- 
mlort.  On  the  other  hand,  incii)ieut  alpinists  must  perceive  that 
le  lulviee  commonly  given  by  guides  has  a  solid  foundation.  The 
cample  of  the  active  guinea  pig  shows  them  that  ascensions  must 
e  lyerlbrmed  slowly,  without  haste,  without  great  exertion,  without 
ettiug  out  of  breath.  To  be  out  of  breath  means  incipient  asphyxia, 
nd  asphyxia  means  mountain  sickness.  So  tlie  excursionist  must 
iarn  to  climb  slowly,  with  careful  and  measured  step. 

In  brief,  high  altitudes  must  unavoidably  bring  on  asphyxia  and 
lountaiu  sickness,  but  at  moderate  altitudes  both  are  avoidable  by 
wincing  the  exertion;  they  may  be  brouglit  on  by  increasing  one's 
tforts,  and  it  is  only  by  assuming  the  nearly  perfcc^t  immobility  of  the 
leronaut  that  one  can  hope  to  attain  without  discomfort  the  highest 
iltttmles,  since  it  is  during  such  immobility  that  the  organism  needs 
leapt  air. 

Havini^r  considered  the  case  where  an  animal  or  man  passes  gradu- 
illy  from  a  low  to  a  high  level,  we  must  now  turn  to  another,  that  in 
ffliidithe  change  is  sudden  or  extremely  rapid.  This  is  not  exceptional, 
but  does  not  occur  in  the  course  of  mountain  climbing,  for  obvious 
reasons;  and  in  the  case  of  balloon  sisccnts,  where  it  would  seem  to 
be  of  common  occurrence,  we  rarely  hear  of  any  serious  inconvenience 
exp(*rienced,  although  the  balloon  often  seems  to  rise  very  rapidly. 
Th(^  truth  is  that  it  rises  rapidly  to  a  moderate  altitude  oidy,  and 
that  it  gets  into  really  high  altitudes  only  after  a  lapse  of  time  quite 
sufficient  for  adaptation.  To  encounter  cases  of  rapid  decrease  of 
pressure,  we  must  turn  in  another  direction,  and  we  find  examples 
wliere  men  work  under  high  pressure,  for  instiince,  in  diving  bells, 
under  the  surface  of  the  sea  or  of  a  river,  to  explore  a  wreck  or  build 
t^e  foundations  of  a  pier  or  bridge.  Here,  in  order  to  counteract  the 
P^eat  pressure  overhea<l,  that  of  the  water  added  to  the  normal  sea- 
C'vel  jiressure — and  every  ten  meters  in  depth  of  water  adds  the  pres- 
ore  of  one  atmosphere — air  must  be  forced  into  the  bell  or  diving  appa- 
j/ijs,  and  the  men  are  subjected  to  a  total  pressure  amounting  to  three 
four  atmospheres.  As  it  sometimes  accidentally  happens  that  the 
issage  from  this  high  pressure  to  the  normal  air  is  very  rapid,  the  study 
tl?e  results  is  instructive  for  the  present  purpose.  These  are  often 
»st  unfavorable  and  death  not  uncommonly  ensues.  The  same  occui  s 
ten  an  animal  in  a  bell  jar  is  rapidly  subjected  to  a  decrease  of  pres- 
re,  or  when,  in  a  bell  jar,  where  an  animal  has  been  placed  and  the 
assure  gradually  increased  by  forcing  air  into  it,  the  pressure  is  sud- 
aly  deiTeased  merely  by  allowing  the  air  to  escape  into  the  atmos- 
ere.  In  lx)th  cases,  and  in  fact  in  all  cases  where  the  passage  from 
atively  higli  to  comparatively  low  i)ressure  is  rapid  or  «iuite  sudden, 
uptoms  arise  which  are  generally  fatal.    The  animal  falls  on  its  side 


186  AIR    AND    LIFE. 

and  dies,  even  if  tlie  final  pressure  is  one  wliieli,  if  brought  on  slowly, 
would  not  be  injurious  to  life.  The  danger  lies  only  in  the  rapidity  uf 
the  change. 

Post  mortem  examination  of  the  victim  aftbrds  a  clue  to  the  cau^eof 
death,  and  makes  all  symptoms  clear  and  intelligible.  We  find  gas  or 
air  in  free  condition  under  the  skin,  in  the  tissues,  in  the  blood  vessels: 
this  we  never  observe  under  normal  conditions.  These  gases  are  the 
cause  of  death.  All  tissues,  and  the  blood,  of  course,  contain  at  all 
times  gaseous  matters — oxygen,  nitrogen,  carbonic  acid — either  dis- 
solved in  the  liquids  or  combined  with  hemoglobin  in  the  blood,  and 
the  amount  of  these  gases  varies  according  ti)  external  pressure, 
according  to  the  tension  of  atmosphere.  Now,  if  the  atmospheric 
pressure  decreases  gradually,  the  tension  of  the  gases  of  the  organism 
dexTcases  ac(*ordingly;  and  they  escai)e  gradually  into  the  atmosphere 
without  making  any  trouble.  But  if  the  decrease  is  sudden,  this  grad- 
ual escape  can  not  be  effected;  the  liberated  gases  have  no  time  to 
escape;  the  result  is  that  they  accumulate  in  all  parts  of  the  body, 
and  in  the  circulatory  system  they  obstruct  small  vessels  and  paralyze 
the  heart.'  Such  accidents  are  not  uncommon  among  the  workmen 
referred  to,  and  this  is  the  reason  why  they  are  always  advised  to 
come  u])  slowly  to  the  surface,  and  the  deeper  they  have  been  the 
slower  the  change  should  be.  They  have  little  to  fear  from  working  in 
compressed  air  at  2,  3,  or  4  atmospheres;  the  danger  lies  in  the 
decrease  of  pressure,  which,  if  sudden,  is  generally  fatal.  As  they  say 
in  their  own  language,  ^*  You  have  to  pay  only  when  you  come  out.'' 

8o  much  for  decrease  of  pressure,  rapid  or  slow.     In  the  one  ease 
it  injures  by  a  deficiency  of  oxygen,  by  anoxyha^mia,  and  the  only 
way  to  counteract  its  effects  is  to  be  provided  with  a  supply  of  oxygen 
of  which  small  amounts  may  be  inhaled  now  and  then.    Aerouants 
intending  to  attain  very  high  altitudes  can  not  do  without  such  a  pro 
vision,  and  it  is  their  custom  now  to  always  take  with  them  a  supply 
of  oxygen.     In  the  other,  the  injury  is  the  result  of  a  quite  different 
process,  purely  mechanical,  the  sudden  liberation  of  gases  in  the  tis- 
sues and  es])ecially  in  the  blood,  where  they  immediately  interfere  with 
the  circulation,  and  stop  the  heart's  action.    When  moderat<>  prepare 
suddenly  follows  high  pressure,  anoxyha^mia  plays  no  part,  and  only 
the  mechanical  effects  occur;  if  low  pressure  follows  moderate  and 
suttiri^Mit  pressure,  anoxyluemia  alone  occurs  if  the  passage  is  slow; 
unoxyhaMuia  and  the  mechanical  liberation  of  gases  ensue  if  the  pas- 
sage is  ra[)i(l  and  sudden.     In  both  cases,  decrease  of  pressure  inter- 
feres with  life. 

Let  us  now  consider  the  reverse  case,  that  of  an  increase  of  pressure. 

Cinder  normal  circumstances  such  increase  is  always  unimjiortaut. 

'JuHt  as  air.  rven  in  very  Hmall  quantity,  drawn  in  the  circulatory  syKteiu  tbrough 
Bonic  lesion  of  tlie  vonons  system  near  the  heart  iDduces  death  in  a  few  secoods^  as 
all  iihyBiulugisttt  kuuw. 
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Even  at  the  bottom  of  the  deepest  mines,  although  pressure  is  appreci- 
ably  increased,  this  increase  can  not  be  considered  as  exerting  the 
sli^btest  evil  influence,  and  its  physiological  effects  are  practically  nil. 
The  increase  of  pressure  is  much  more  important  in  the  case  of  diving 
bells,  aiul  it  is  among  workmen  who  are  engaged  in  the  building  of 
piers  and  wharves,  or  in  the  exploration  of  wrecks,  that  we  must  search 
for  information  concerning  the  effects  of  high  atmospheric  pressure, 
unless  we  turn  to  animals  experimentally  subjected  to  such  condition 
in  bell    jars  connected   with   forcing  ])umps.     When  the  increase  is 
slight,  the  effects  are  also  slight.     Some  buzzing  in   the  ears,  some 
bleeding  at  the  nose,  and  a  slight  numbness  in  the  limbs  are  those 
which  are  most  appreciable.      But,  at  the  same  time,  the  res])iration 
and  circulation  are  slower.     In  some  cases  there  occurs  an  abnormal  ex- 
citation of  the  nervous  system  similar  to  that  observed  during  acute 
alcoholism.     Such  accidents  are  quite  naturally  ascribed  to  an  increase 
in  the  tension  of  carbonic  acid,  which  accumulates  in  the  system  and 
determines  incipient  asphyxia.     This  interpretation  is  correct  as  long 
as  the  increase  of  pressure  is  moderate.     But  when  the  increase  of 
pressure  is  considerable,  when  we  have  to  deal  with  pressure  of  six  or 
more  atmospheres,  the  case  is  altered,  and  the  cause  of  the  symptoms 
is  different.    This  is  shown  by  Paul  Bert's  various  experiments.     In 
order  to  delay  the  effects  of  increase  of  pressure,  he  added  pure  oxygen 
to  the  atmosphere  inspired  by  the  animals  exi)erimented  upon,  expect- 
ing by  this  means  to  prevent  the  toxic  influence  of  carbonic  acid.     lie 
was,  therefore,  considerably  surprised   when  he  perceived  that  this 
had  no  other  result  than  to  hasten  the  fatal  issue.     He  then  ])roceeded 
to  a  careful  analysis  of  the  symptoms  and  phenomena,  and  perceived 
that  when  the  pressure  is  over  6  atmospheres  the  oxygen  contained 
in  the  atmosphere,  acquiring  a  high  tension,  becomes  a  poison.     And 
Done  can  wonder  at  this.    An  increase  of  the  proportion  of  oxygen 
under  normal  pressure  is  attended  by  toxic  symptoms;  an  increase 
in  the  pressure  of  oxygen,  which  amounts  to  the  same  thing,  must 
exert  the  same  influence.     And  the  proof  that  oxygen  is  the  only  cul- 
prit lies  in  the  fact  that  an  animal  can  perfectly  well  endure  a  pres- 
sure of   L'O  atmospheres  if   the  air  is   poor  in   oxygen,  if   oxygen, 
being  less  in  quantity,  has,  in  the  mixture,  a  tension  which  does  not 
exceed  that  which  the  normal  amount  of  oxygen,  in  normal  air,  pos- 
sesses under  normal  pressure.     Under  increased  tension,  as  well  as  in 
increased  proportion — for  both  conditions  are  identical  as  far  as  physi- 
ology is  concerned— oxygen  is  a  poison,  and  a  very  dangerous  one,  and 
this  is  the  reason  why  man  and  animals  die  in  a  normal  ainiosphere, 
when  the  pressure  exceeds  certain  limits.     Be  it  rapid  or  slow,  consid- 
erable increase  of  pressure  kills  through  the  agen<;y  of  oxygen  and  of 
its  toxic  properties,  by  reason  of  oxygen  being  dissolved  in  the  blood 
serum.     If  we  leave  out  of  consideration  those  cases  where  the  varia- 
tions of  pressure  are  rapid,  and  where,  as  is  the  case  with  rapid  decrease 
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of  pressure,  a  purely  mechanical  element  comes  into  play,  one  sees 
that  gradual  variations  operate,  not  physically  nor  mechanically,  hot     ] 
in  a  purely  chemical  manner,  by  putting  the  organism  under  the  influ 
ence  of  an  atmosphere  too  rich  or  too  poor  in  oxygen. 

It  must  be  added  that  in  this  case,  as  well  as  in  many  others,  adapt 
ive  phenoniena  occur.  The  Indians  and  animals  of  the  South  American 
Cordilleras  are  unaflected  by  mountain  sickness  which  attacks  the 
unaccustomed  traveler,  and  animals  of  the  abysses  of  the  sea  live  and 
thrive  under  pressures  which  no  terrestrial  or  shore  animal  conld  emlure. 

This  fact  of  adaptiition  to  altitude,  which  is  confirmed  by  the  other 
fact  that  there  are  villages  or  cities  permanently  inhabited  by  man  at 
3,000  and  4,000  meters  above  sea  level,  has  long  been  well  known. 
It  has  especially  attracted  the  attention  of  a  French  physiologist.  Dr. 
Jourdanet,  who  discovered  most  of  the  facts  which  Paul  Bert  investi- 
gated later,  but  the  mechanism  of  the  phenomena  has  been  only 
recently  explained.  Jourdanet  supposed  that  the  inhabitants  of  low 
levels,  when  transferred  to  high  levels,  meeting  with  low  pressure  and 
coi^sequently  a  small  proportion  of  oxygen,  became  aflfected  by  anoxy 
ha^inia,  a  state  characterized  by  the  inability  of  the  red  blood  cor 
puscles  to  absorb  a  sufficient  proportion  of  oxygen — in  brief,  incipient 
asphyxia. 

In  that  he  was  right;  he  also  thought  that  adaptation  is  effected  in 
the  following  manner:  If  the  evil  is  not  unbearable,  the  system  l>e|rins 
to  produce  a  larger  supply  of  blood  corpuscles;  these  can  absorb  only 
a  small  proportion  of  oxygen  to  be  sure,  but  then  they  are  more  numer 
ous  and  by  this  means  the  balance  is  restored,  and  the  system  may 
absorb  a  sufficient  quantity  of  oxygen.     Here,  again,  he  was  right,  but 
he  did  not  succeed  in  establishing  his  hypothesis  on  a  firm  basis.    The 
latter  task  was  achieved  by  Paul  Bert,  who  examined  specimens  of 
the  blood  of  Peruvian  llamas  and  vicunas,  and  proved  that  the  blood  of 
such  of  these  animals  as  live  on  the  highlands  contains  a  larger  pro- 
portion of  hemoglobin  and  of  oxygen  than  that  of  those  of  the  same 
species  living  on  the  plains  at  lower  levels.     For  instance,  100  eabie 
centimeters  of  blood  of  llamas  or  vicunas  living  on  the  highlands  con 
tain  between  19  and  21  cubic  centimeters  of  oxygen,  while  the  same 
amount  of  blood  in  animals  of  the  same  species  living  on  the  lowlands 
contains  only  12  to  15  cubic  centimeters. 

These  results  have  been  very* positively  confirmed  by  the  investiga- 
tions of  MM.  Viault,  Muntz,  and  Regnard.  M.  Mnutz  has  shown  that 
in  common  domestic  rabbits  allowed  to  go  wild  upon  the  heights  of 
the  Pic  du  Midi,  in  France,  the  blood,  after  ten  months'  sojourn  in  the 
mountain,  contains  much  more  hemoglobin  than  that  of  rabbits  belong- 
ing to  the  same  breeds  released  for  the  same  length  of  time  in  the  plains 
at  Bagneres  de  Bigorre.  But  it  may  be  objected  that  this  experiment 
is  not  as  conclusive  as  it  seem^^  to  be,  owing  to  the  fact  that  the  rab- 
bits of  the  Pic  du  Midi  may  have  been  surrounded  there  by  difl'ereut 


)ell  jar,  where  a  special  apparatus  not  only  provided  the  necessary 
ase  of  pressure  (by  exhausting  the  atmosphere  to  the  recjuisite 
e),  but  eft'ected  the  necessary  ventilation,  while  the  other  lived  in 
ime  laboratory  under  normal  pressure.  The  decrease  of  pressure 
)  bell  jar  and  the  density  of  the  atmosphere  corresponded  exactly 
•se  which  obtain  at  Santa  Fe  de  Bogota,  at  3,000  meters  above 
vel.  Both  animals  were  killed  after  a  month,  and  tlie  result  was 
he  blood  (»f  the  guinea  pig  under  decreased  pressure  absorbed 
)ic  centimeters  of  oxygen  (per  100  cubic  centimeters  blood),  while 
>f  the  other  animal  living  under  normal  pressure  absorbed  only 
ii)  cubic  centimeters  of  oxygen  at  the  most.     The  fact  is  qnite 

the  experiment  most  convincing.  By  some  means  not  yet  as<*er- 
l  the  blood  of  creatures  living  at  high  altitudes,  and  able  to  witli- 
the  first  unpleasant  sensations,  acquires  the  power  of  uccumulat- 
large  proportion  of  oxygen,  and  thus  their  systems  are  enabled 
ist  that  incipient  asphyxia  which  is  the  result  of  a  smaller  i)ro- 
u  of  oxygen  in  the  atmosphere. 

s  is  an  important  point,  from  the  practical  side.  It  explains  the 
cent  intiuence  of  high-level  stations  (such  as  St.  Moriz,  in  Switz- 
l)  upon  aniemic  or  tuberculous  patients.     It  shows  that  in  cases 

the  organism  is  weakened  and  physiologically  impoverished,  and 
ularly  where  the  blood  has  lost  some  of  its  vitality,  the  patient 
e  benefited  by  living  for  some  time  in  mountain  resorts,  even 
uparatively  high  altitudes,  his  blood  will  acquire  new  life,  and 
le  more  apt  to  fulfill  its  functions,  owing  to  the  increase  of 
atory  capacity  that  results  from  decrease  of  pressure. 

a  ttvi^lAiit-  hnwp.vpr.  thut  thft  niiti^nt  Rhoiild   hfta-in  with  modo.rat.ft 
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MOVEMENTS    OF   THE   ATMOSPHERE. 

Wo  mant  now  consider  anotber  side  of  the  general  topic  of  tfae  phys- 
ics of  air.  I  refer  to  tbe  movements  which  unceasingly  occur  iu  the 
vast  ocean  of  gas  which  surrounds  our  planet.  They  are  familiar  to 
all.  It  is  these  tiiat  swell  the  sails  of  vessels  and  carry  them  across  the 
oceans,  that  give  the  impulse  to  the  old-fashioned  windmill,  that  hit 
the  waves  and  vsend  them  rolling  from  continent  to  continent;  these. 
also,  that,  with  cyclones  and  tornadoes,  uproot  trees,  blow  down  houses, 
destroy  crops,  snap  the  giants  of  the  forests  like  mere  twigs,  raise 
clouds  of  dust,  and  spread  ruin  and  death  on  every  side.  Breeze  or 
tenii>est,  it  always  is  air  in  motion,  and  in  this  case  as  well  as  in  others 
air  is  both  beneficent  and  maleficent.  Concerning  the  cause  of  this 
motion,  be  it  gentle  or  be  it  violent,  it  is  enough  to  remind  the  reader 
that  the  main  if  not  exclusive  cause  is  in  difference  of  calefactiou,  and 
that  the  wind*  blows  from  cool  areas  to  warm  ones. 

What  part  can  these  movements  of  the  atmosphere  play  in  the  life  of 
our  planet!  What  is  their  influence?  A  superficial  glance  is  enough 
to  show  that  this  is  manifold. 

In  the  first  place,  they  help  to  intermingle  the  constituents  of  the 
atmosphere.    To    be    sure,   the    general  constitution    of  air    is  the 
same  everywhere,  no  considerable  difference  existing.     But  we  have 
referred  more  than  once  to  the  numerous  local  causes  of  alteration. 
Consider,  for  instance,  a  large  industrial  town  or  a  volcano.     Both 
exhale  an   enormous  amount  of  obnoxious  gases  which  are  poured 
into  the  atmosi)here — carbon  dioxide,  carbon  monoxide,  and  a  hundred 
other  substances,  toxic  or  inert;  at  all  events  undesirable  for  breath- 
ing.   A  few  figures  have  been  given  above  concerning  the  amount 
of  such  gases  produced  by  mankind,  by  combustion,  etc.,  and  we  all 
know  that  in  cities  the  composition  of  air  is  less  pure  than  in  the 
country;  that  Manchester,  Birmingham,  Chicago,  Pittsburgh,  etc.,  are 
less  healthy  than  their  surroundings.     If  there  were  no  winds,  most 
certainly  things  would  be  much  worse  than  they  are,  and,  the  very  fact 
that  city  air  is  inferior  to  country  air,  substantiates  this  assertion. 
Withcmt  winds  all  these   gases  would   accumulate  about  the  place 
where  they  originated.     Of  course  some  diffusion  would  take  place, 
but  the  process  would  be  a  slow  ope,  and  a  much  too  great  proportion 
of  unhealthy  gases  would  at  all  times  be  found  in  the  air  of  such  places, 
which  would  thus  be  more  insalubrious  than  they  now  are.    Without 
winds  locally  vitiated  air  would  remain  such,  just  as  is  the  case  with 
the  atmosphere  in  a  <5losed  room  where  men  or  animals  are  assembled; 
wind  is  the  cleanser  of  the  atmosphere,  the  great  purifier,  which  mixes 
and  purifies  it,  which  chases  it  over  lands  and  seas,  over  fields  and 
forests,  from  jiole  to  equator,  and  from  equator  to  pole,  thus  dissipating 
in  the  whole  mass  those  elements  which,  for  one  reason  or  another,  are 
produced  in  greater  abundance  at  some  points 3  it  maintains  the  purity 


r  wbicli  Iiiis  iu^cumiilated  a  large  amoiiiit  ot  tiiiiiiidity  wliile  above 
■ail,  -A  lake,  a  river,  a  tbrest,  does  not  remain  tliere.  It  travels 
r,  and  carries  tlie  aqneons  vai>or  it  contains  inlaiiil,  aji  iiiuiiii- 
anil  over  |ilains,  it  transports  the  clouds,  ami  carries  tlie  wiitcr 
.  I'rom  the  Pacific  Ocean  to  fall  in  rain  on  the  Anieiicaii  con- 
:  tliroitgli  the  same  agency  the  water  drawn  from  the  Atlantic 
u  Europe,  and  the  water  of  oceans  is  carried  through  the  atmos- 

to  enornions  distances  to  provide  the  continents  with  the  rain 
iai  to  plants,  animals,  and  man,  both  that  immediately  used  and 
rliii-h,  sinking  through  the  soil,  conies  to  light  again,  sometimes  at 
Icrable  distances,  ander  the  form  of  springs,  which  help  to  make 
pfams  and  rivers.  If  winds  did  not  occur  as  they  do,  if  the  aerial 
were  motionless,  the  vai'ors  which  arit<e  above  the  oceans  uud 
s  of  water  would  not  travel  so  fast,  so  far,  nor  in  such  iiuiintity, 

great  jiart  of  our  globe  wonld  be  condemned  to  drought  and 
ty.  The  other  part  would  hardly  be  pleasant er;  in  an  atmosphere 
teil  with  vapor,  as  that  would  be,  perspiration  evajMrates  rno»t 
,  anil  if  the  temperature  were  even  moderutely  high,  man  would 
sluggisli  life,  shunning  elTort  as  inducing  an  uncomfortable  con- 

and  living  in  a  laziness  and  far  niente  which  have  never  conduced 
al,  mental,  or  physical  advancement.  Truly  wind  isnounimjiort- 
ency  in  civilization  and  in  the  general  evolution  of  mankind, 
in,  the  movements  of  the  atmosphere  play  an  important  part  in 
;nlation  of  temperature,  as  they  do  in  the  regulation  of  humidity. 
f  did  not  occur,  air  would  be  perpetually  warm  in  some  places 
r[>etuullycidc)  inothers,  the  railiation  and  ditl'nsion  of  heat  acting 
>wly.     The  wind  is  beneficent  iu  that  it  carries  warm  air  to  cold 
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by  storms,  and  are  thus  enabled  to  obtain  a  foothold  upon  islands  orcon 
tinents  to  which  their  own  forces  could  not  have  brought  tliem.    And 
micro-organisms,  last  but  by  no  means  least,  as  far  as  iuiportance,  not 
size,  is  concerned,  make  great  use  of  atmospheric  movements.    They 
possess  no  means  of  locomotion,  and  have  no  limbs  to  carry  them  to  a 
distance;  but  the  wind  makes  good  this  deficiency,  and  takes  pood 
care  to  scatter  them  far  and  wide.    Tliere  are  many  epidemics  pro|>. 
agated  from  city  to  city,  from  country  to  country;  there  are  death- 
working  as  well  as  beneficent  microbes  scattered  ov^or  the  whole  face 
of  the  earth,   and   thus   air  is  again   an   agent  of  death  and  of  life 
by  its  (contents,  no  less  than  by  its  essential  constituents.    lUit  air 
contains  also  a  large  proportion  of  non-living  matter,  of  de^d  dost 
as  contrasted  with  the  living  dust  just  referred  to.     Such  dust  aki 
is  scattered  far  and  wide,  and  there  is  no  doubt  but  that  it  may  be 
carried  from  China  to  North  America,  and  from  the  New  World  U) 
Europe  or  Africa.    This  dispersal  of  dust  may  be  of  some  importance 
in  agriculture;  at  all  events  it  i)lays  no  insignificant  part  in  geology. 
and  all  have  heard  of  the  influence  of  winds  in  the  formation  and 
migration  of  dunes  on  the  seacoasts.    This  influence  is  often  important. 
In  France,  in  the  region  at  the  south  of  Bordeaux  and  in  certain  parts 
of  Brittany,  the  wind  has  brought  so  much  sand  from  the  dry  shorn 
at  low  tide  that  man  has  been  compelled  to  retreat  and  to  desert  his 
villages.    These,  gradually  covered  by  the  particles  carried  by  tlie 
winds,  have  finally  been  entirely  engulfed  and  buried,  as  were  Hercu 
laueum  and  Pompeii  of  old  under  the  cinders  of  Vesuvius,  and  the  only 
remnant  of  a  once  inhabited  and  prosperous  hamlet  is  a  spire  wliieli 
sticks  out  of  the  plain  of  sand.    Analogous  phenomena  are  to  Iw 
observed  in  all  countries.    In  1889,  according  to  Mr.  George  P.  Mer 
rill,  a  storm  occurred  in  Dakota  during  which  the  soil  was  toni  ny 
to  the  depth  of  4  or  5  inches,  and  the  particles  accumulated  easily  in 
recognizable  sand  dunes.     In   the  western  plains  of  North  America, 
also,  the  same  event  occurs,  and  these  dunes,  when  once  formed,  travel 
and  migrate  from  place  to  place.     Some  miles  north  of  Lake  Winne 
mucca  (Nevada),  Mr.  Kussell  found  a  series  of  such  dunes,  40  niile^ 
long,  8  miles  wide,  some  of  which  were  75  feet  high.     Near  Alkali  Lake 
other  dunes  are  200  and  300  feet  high,  and  on  the  eastern  shore  of  Lake 
Michigan  similai-  dunes  have  advanced  upon  forests,  which  they  liavt' 
invaded,  smothered,  and  destroyed,  and  the  tops  only  of  the  trees,  dead 
as  a  matter  of  course,  emerge  above  the  hillocks  of  sand. 

It  should  be  observed  that  particles  of  sand  driven  by  the  wind  exert 
an  erosive  influence.  They  act  as  files,  and  gradually  wear  away  the 
rocks  which  they  unceasingly  batter,  and  thus  the  wind  works  in  two 
ways  toward  the  leveling  of  the  globe;  indirec^tly  cooperating  vritli 
water  and  with  frost  it  helps  to  disintegrate  the  elements  of  rocks; 
and  when  they  are  broken  down  it  carries  the  particles,  which  are  the 
ultimate  result  of  such  disintegrjition,  to  the  plains  and  to  the  sea. 


lOt  possibly  be  estimated ;  that  it  could  be  utilized  for  mau's  benefit 
I  hardly  fail  to  suggest  itself.  Many  centuries  have  passed  since 
irst  endeavor,  and  although  some  progress  has  been  made,  and 
>een  satisfactory  enough  during  a  long  period,  no  one  will  venture 
sert  that  nothing  more  can  be  done. 

ind  has  been  used  on  land  and  on  sea;  windmills  have  been 
ited  in  most  lands,  and  few  savage  tribes  have  failed  to  become 
e  of  the  great  help  sails  are  to  navigation.  For  centuries  civilized 
ms  were  content  with  sailing  vessels,  and  some  of  the  latter  were 

splendid  achievements,  able,  it  must  be  remembered,  to  cross  the 
Qtic — under  favorable  circumstances — in  eleven  days,  which  is  still 
[nration  of  the  trip  for  average  steamships.  But  for  three-quarters 
century  steam  has  been  used  and  defeated  sails  for  long  distances. 
[>e8t  steamers  of  the  transatlantic  lines  are  able  to  run  from  Queeus- 
i  to  New  York  in  five  days  and  a  half,  and  from  New  York  to 
re  in  six  days  and  a  fraction.  Wind  ha«  been  defeated  by  steam 
md  also,  and  coal  has  taken  the  first  place  as  a  source  of  energy, 
coal  supplies  are  not  inexhaustible,  and  thoughtful  minds  arc 
emed  with  the  important  problem  of  drawing  upon  those  otht^r 
irces  which  the  movements  of  the  atmosphere  still  provide,  and 
;h  are  by  no  means  used  as  much  as  they  might  be.  Coal  is  decreas- 
and  DO  fresh  strata  of  the  precious  store  are  in  process  of  forma- 
as  far  as  we  are  aware.    It  is  burned  at  the  rate  of  millions  of  tons 

year,  and  mines  are  being  steadily  emptied  of  their  contents. 
ithought  demands  that  future  generations  be  not  caught  unawares, 
that  even  now  the  problem  of  providing  fresh  sources  of  energy 
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contrary,  on  tbe  decrease,  aud  no  new  method  Las  beeo 
to  increase  the  quantity  of  force  derived  from  tbis  boi 
milian  PleBSuer,  however,  has  done  good  work  in  tryiii; 
attention  to  the  matter.'  Wind  is  doubtless  very  irre 
strong  or  even  violent,  and  a  short  time  afterwardtt  t 
even  ceasing.  But  a  great  deal  depends  upon  locallt 
places  and  large  regions  where  the  wind  is  quite  regi 
far  as  strength  and  constiincy  are  concerned,  and  near 
seldom  fails.  In  the  sabtropioal  regions,  also,  trade 
constant,  and  in  most  parts  of  the  globe  the  regular 
increases  with  the  altitude.  The  latter  fact  has  been 
a  continuous  series  of  observations  made  at  the  Eifl'el  "J 
since  1889.  This  amounts  to  asserting  that,  upon  the  ■ 
erable  part  of  the  globe  is  perfectly  suited  for  investig 
best  methods  of  deriving  power  from  the  winds,  M.  I 
cutated  that  a  wall  or  cnrtain  1,000  meters  high  placed 
fourth  parallel  between  the  twenty-fourth  and  tbirty-ei 
longitude,  would  receive,  through  the  impaet  of  thi 
sum  of  100,000,0110  horsejiower,  and  130  such  walls 
l-tiOOOjOOOjOOO  horsepower,  which  means  the  iwwer  of 
Of  course  no  such  apparatus  could  be  erected  and  m 
storm  would  destroy  the  whole  fabric;  but  this  heli)s  i 
tremendous  amount  of  energy  which  speeds  over  our  h 
requisite  is  some  sort  of  motor  driven  by  the  wind,  and 
to  store  the  energy  aud  yield  it  at  the  required  niomeu 
has  no  admiration  for  the  old  windmill;  he  does  not  I 
motor  which  engrosses  his  thoughts  or  dreams.  Th 
would  be  more  suitable,  but  this  also  is  beiow  his  re< 
he  is  rather  inclined  to  look  upon  sails  as  affording  a  [ 
of  the  problem.  "The  utilization  of  the  power  of  wi 
"and  its  transformation  into  ineclianicul  work,  are  p 
means  of  sailing  vehicles,  driven  by  wind  upon  a  circn 
power  generated  by  such  rotation  being  transmitted 
thence  to  ma<^hinery."  He  therefore  proposes  a  circi 
ground  level,  or,  bett«r  still,  elevated  upon  trestles. 
a  circular  or  annular  train,  made  of  small  cars  couplet 
carrying  a  mast  and  two  sails  at  right  angles  with  each 
by  the  wind.  These  sails  are  aatomatically  trimmed,  am 
also,  they  expand  or  contract,  or  rather  take  in  the  wi 
from  it.  As  long  as  the  wind  blows,  the  train  continues 
it  is  connected  with  a  central  axle,  the  latter  may  wor 
charge  electric  aecumulatjtrs.  A  similar  apparatus  mi; 
in  water,  boats  taking  the  place  of  the  cars,  and  since 

■  See  liis  Ixiiik:  Kin  Dliuk  :iiif  die  );''<>!^t''i  1-rtitliliingeii  ties  zwa 
AvTtH — iJii'  Dlonstbarmaclintig  dur  Windkraft  fiir  den  elektriscbei 
Berlin,  1898. 


^ould  be  the  using  of  wind  ])ower  to  force  water  into  a  reser- 
sonie  height  from  which  it  might,  at  will,  be  let  out  to  work  tur- 
lo  inoantaiuous  regions,  and  near  the  sea,  in  all  places  where 
^d  wind  are  available,  this  system  might  be  of  service,  however 
^t  it  may  seem.  At  all  events  a  great  field  is  open  to  inven- 
id  a  great  harvest  may  be  reaped  by  those  who  will  work  it 
^tieuce  and  skill.  M.  Plessner's  investigations  will  prove  very 
five,  and  they  may  also  find  much  that  is  useful  in  Mr.  S.  P. 
r's  memoir  on  The  Internal  Work  of  the  Wind.  The  fa<jts  re- 
)  by  Professor  Langley  are  perhaps  of  more  importance  for  the 
of  aviation,  or  flight,  and  for  the  explanation  of  the  soaring  of 
)r  birds,  which  all  have  oftentimes  seen  sustaining  themselves 
rbole  hours,  without  apparent  fatigue,  or  effort,  but  they  are 
very  suggestive  in  the  realm  of  aerodynamics.  Mr.  S.  P. 
has  succeeded  in  proving  that  the  force  of  the  wind  is  not  by 
IS  as  constant  and  uniform  as  is  commonly  supposed.  It  does 
rt  an  approximately  uniform  movement,  but  a  succession  of 
)id  waves  or  pulsations  of  varying  intensity,  and  fluctuating 
on  on  either  side  of  the  general  course  of  the  wind.  He  con- 
is  certain  that  an  inclined  or  suitably  curved  surface,  heavier 
ind  free  from  all  attachments  whatsoever,  may  be  uplifted  and 
ly  supported  in  the  air  by  means  of  "  internal  work,"  without 
er  expense  of  energy  than  that  which  is  demanded  for  chang- 
clinatious  of  the  plane  according  to  the  pulsations.  It  seems 
ain  that  under  special  conditions  such  a  plane  might  advance 
le  wind,  not  only  comparatively,  but  in  the  absolute  sense. 

:a  arp  vprv  valiial^lft-  and  mav  iirnvft  ninst  iiftAfiil  for  "nrar'tipjil 
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constituents  of  the  atmosphere,  and  we  may  say  that  every  snbstaDoe 
known  to  chemistry  may  at  some  time  or  place  be  accidently  present  in 
the  air.  Only  such  bodies  deserve  notice  as  are  normally  present  in 
the  whole  atmosphere,  although  they  may  be  of  minor  importance. 
Under  this  head  must  be  mentioned  aqueous  vapor  and  different  solid 
materials,  inanimate  or  animate,  excluding  those  which  are  of  volcanic 
origin,  and  dust,  natural  or  artificial. 

Aqueous  vapor  is  always  present  in  the  atmosphere  under  the  form 
of  fog  or  clouds,  and  also  in  an  invisible  form.  We  will  espedaUy 
refer  to  the  latter.  It  has  a  dual  origin.  The  one  part  comes  from 
evaporation,  under  the  influence  of  heat,  of  the  water  of  oceans,  rivers, 
lakes,  and  moist  soil.  The  amount  of  vapor  produced  depends  upon 
the  amount  of  heat,  and  also  upon  the  amount  of  vapor  already  con- 
tained in  the  air.  For  each  degree  of  temperature  air  can  only  contain 
a  quite  definite  amount  of  vapor.  The  other  part  comes,  from  liviog 
organisms,  by  transpiration  through  the  skin  and  pulmonary  surfaces 
of  animals,  by  the  evaporation  which  occurs  from  the  leaves  of  plants 
This  production  of  aoueous  vapor  by  living  beings  is  very  variable, 
and  circumstances  affect  it  greatly.  An  animal  or  man  in  dry  air  pro- 
duces a  large  amount,  since  the  expired  air  Is  quit43  saturated  with  it, 
but  in  moist  air  hardly  any  is  produced,  and  that  which  is  expired 
hardly  does  more  than  restore  to  the  atmosphere  the  moisture  taken 
from  it.  The  whole  of  mankind  pours  into  the  atmosphere  a  total 
amount  of  some  15,000,000,000  kilograms  of  water  per  twenty-four 
hours,  but  a  large  proportion  of  this  is  merely  returned;  it  has  not 
been  generated  by  man.  Similarly,  plants  yield  but  a  small  amount  of 
moisture  if  the  air  is  already  nearly  saturated;  they  yield  a  very  large 
amount  if  it  is  dry.  It  has  been  calculated,  for  example,  that  a  wood 
of  500  adult  and  vigorous  trees  yields  nearly  4,000  tons  of  aqueoos 
vapor  during  the  twelve  hours  of  daylight.  By  night  the  amount  is 
less  considerable,  and  is  only  about  one-fifth  of  the  diurnal  evapora- 
tion. This  instance  is  enough  to  show  that  plants  are  most  important 
producers  of  vapor.  And  if  one  only  considers  that  in  the  United 
States,  as  an  example,  the  total  surface  of  plant  leaves  is  at  least  foar 
times  that  of  the  soil  surface,  one  perceives  how  important  must  be 
the  part  of  plants  in  the  function  we  refer  to.  Physicists  have  esti- 
mated the  total  quantity  of  aqueous  vapor  in  the  atmosphere  at 
72,000,000,000,000  tons  or  cubic  meters  of  water. 

This  vapor,  which  is  very  unequally  diffused  (since  the  maximnm 
amount  dei)ends  upon  the  temperature  of  air),  and  which  varies  in  quan- 
tity according  to  the  time,  locality,  and  other  circumstances,  plays  an 
important  biological  part.  Air,  when  too  dry  irritates  the  respiratory 
organs;  when  too  moist  it  impedes  transpiration  and  its  beneficent 
effects:  in  medio  virtus ^  and  the  best  condition  is  that  in  which  air  is 
neither  very  dry  nor  very  moist. 

Another  more  important  partis  i)layed  by  this  aqueous  vapor  in  that 
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ereen  did  not  exist,  our  summer  days  would  be  much  hotter  and 
ciach  cooler.    In  the  full  glare  of  the  sun  the  thermometer  would 

higher  than  it  does,  and  in  the  shade  the  temperature  would 
wer.     We  have  an  exact  illustration  of  what  would  happen  in 

occurs  on  high  mountains,  or  in  balloons  at  great  height.  The 
iv  we  ascend  the  thinner  becomes  the  layer  of  vapor  interposed 
sen  the  sun  and  ourselves.  Under  such  circumstances  the  sun  is 
hing;  its  rays,  nearly  unopposed,  exert  a  stronger  inilueuce  upon 
ms  and  things  and  heat  them  highly,  while  the  surrounding  air  is 
as  there  is  hardly  any  vapor  to  absorb  solar  heat.     This  fact  has 

well  observed  by  Professor  Langley  during  his  ascent  of  Mount 
sney,  and  all  alpinists  have  had  experiences  more  or  less  similar. 
en,  there  were  no  vapor  in  the  atmosphere,  our  summer  days  would, 
the  case  in  high  altitudes,  be  torrid  anJ  frigid  at  the  same  time — 
i  in  the  sun,  frigid  in  the  shade,  where  the  thermometer  would 
.inly  fall  very  low. 

night  atmospheric  vapor  raodei'ates  radiation.  During  the  night 
wirth  gives  off  part  of  the  heat  it  has  received  during  the  day, 
this  heat  radiates  into  interplanetary  space.  When  the  sky  is 
clear  and  dry,  radiation  is  considerable,  and  at  all  seasons  a  clear 
t  is  colder  than  a  cloudy  one,  and  night  is  colder  in  high  altitudes 
•e  the  overlying  sheet  of  air  and  vapor  is  thin  and  rare,  than  in  the 
mds,  with  a  thicker  atmospheric  layer  overhead.  Radiation  is 
oidable,  because  the  temperature  of  celestial  space  is  exceedingly  ■ 

probably  inferior  to  lOQo  below  zero  (centigrade);  but  it  is  more 
1,  and  offers  greater  intensity  when  the  air  is  dry  and  contains  but 
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as  it  moderates  the  heat  of  day  and  the  cold  of  night,  and  aets  aB  a 
sort  of  regulator,  by  means  of  which  some  uniformity  is  established 
under  antagonistic  and  conflicting  conditions,  and  in  spite  of  contrarj 
influences.  Quite  certainly,  if  vapor  did  not  exist,  the  physiology  of 
the  animals  and  plants  of  the  lowlands  would  be  different,  or  thej 
would  perish. 

The  parts  played  by  the  numerous  solid  particles  found  in  the  atmos- 
phere are  as  varied  as  is  their  nature.  Physically  pure  air  is  a  myth 
and  can  only  be  obtained  artificially,  in  laboratories,  and  when  great 
care  is  exercised.  Even  at  the  greatest  heights,  where  micro-organisms 
as  well  as  vegetable  or  animal  fragments  are  few  and  often  totally  want- 
ing, mineral  dust  is  always  found.  These  particles  are  very  small,  to 
be  sure,  and  their  origin  varies;  some  are  of  volcanic  origin,  and  after 
important  eruptions,  such  as  that  of  Krakatoa,  volcanic  particles  are 
very  abundant  in  the  atmosphere  and  may  be  years  in  settling  or  fall- 
ing on  land  or  sea;  others  are  merely  dust  which  the  wind  has  swept 
off  the  surface  of  the  planet,  and  a  large  proportion  consists  of  minute 
fragments  of  aerolites  which  have  fallen  into  the  earth's  sphere  of 
attraction  from  interplanetary  space. 

Professor  Newton  has  attempted  to  form  some  estimation  of  the 
number  of  such  aerolites,  and  he  comes  to  the  conclusion  that  our 
atmosphere  receives  the  enormous  total  of  some  20,000,000  meteorites 
per  twenty-four  hours,  each  of  which  is  large  enough  to  produce  the 
phenomenon  known  under  the  name  of  "shooting  star."    However 
small  these  fragments  may  be — and  yet  in  order  to  become  visible 
because  of  the  heat  evolved  by  friction  against  the  atmosphere  they  can 
not  be  so  very  minute — they  certainly  bring  to  our  planet  a  consider- 
able amount  of  foreign  matter,  a  large  proportion  of  which  remains 
some  time  8usi)euded  in  the  atmosphere  before  falling.     In  all  pla<*6s 
where  the  requisite  observations  have  been  made,  and  where  instru 
ments  have  been  placed  for  collecting  the  mineral  contents  of  the  air, 
there  has  been  obtained  an  abundant  harvest  of  meteoric  particles, 
easily  recognizable  by  their  form  and  structure,  and  the  mud  which 
slowly  accumulates  at  the  bottom  of  the  sea  contains  a  large  number  of 
these  extra  terrestrial  bodies.    As  a  matter  of  fact,  mineral  particles 
of  foreign  source  are  constantly  pouring  through  our  atmosphere  in 
the  form  of  a  dry  and  invisible  rain.   A  large  amount  of  terrestrial  dust 
is  also  found  in  this  rain.    Von  Richthofen  speaks  of  the  particular 
aspect  of  the  atmospheie  in  a  part  of  China,  where  the  sky  is  yellow 
and  opaque.     When  the  wind  comes  from  the  direction  of  Central 
Asia,  all  things  are  covered  with  a  yellow  dust  which  is  brought 
by  the  wind  from  vast  regions  whose  soil  is  covered  with  a  layer  of 
ochreous  dust,  which  is  driven  to  great  distances  over  the  Pacific.    In 
Australia,  rains  of  a  sort  of  red  mud  have  been  observed — rain  made 
into  mud  by  the  admixture  of  dust,  the  latter  having  been  transported 
by  the  wind  and  storm  from  considerable  distances.    Such  a  rain  has 


at  a  ray  of  light  in  a  dark  room.  Bat  in  order  to  well  ascertain 
dgin,  to  know  exactly  what  it  is,  microscope  and  aeroscope  are 
led.  By  means  of  these  iustrnmeuts  a  very  interesting  microcosm 
yealed.  All  sorts  of  particles  are  to  be  fonud  in  the  air — small 
!cated  animals,  such  as  worms,  rotifers,  vibrios,  infusoria,  frag- 
A  of  insects,  of  wool,  scales  from  the  wings  of  butterflies,  particles 
lir,  feathers,  vegetable  fibers,  spores  of  fungi,  x)ollen  grains,  flour, 
from  the  soil,  and  microbes.  From  our  present  standpoint  many 
ese  particles  are  of  but  slight  interest  to  us,  although  it  is  a  curi- 
act  that  volcanic  dust  may  remain  for  years  in  the  atmosphere  at 
derdble  altitudes,  and  travel  around  the  earth  with  the  winds, 
liog  those  curious  phenomena  of  light  and  color  at  sunrise  and 
t  which  physicists  and  the  public  at  large  observed  after  the 
atoa  eruption.  It  is  also  a  very  curious  fact,  well  illustrated  by 
tken's  investigations,  that  these  particles  are  favorable  to  the  pro- 
>n  of  rain.  Under  certain  circumstances  they  play  the  part  of  a 
as  around  which  the  vapor  of  the  atmosphere  condenses,  and  each 
lie  becomes  then  the  central  part  of  a  drop  of  raiu.'  What  is  of 
ist  to  us,  from  the  biological  i)oint  of  view,  is  the  presence  of  pollen 
3,  which  explains  how  an  isolated  female  plant  may  bear  fruit  even 
reat  distance  from  male  plants  of  the  same  species;  the  presence 
nes  of  fungi,  which  favors  the  dispersal  of  species ;  the  presence  of 
seeds,  which  may  be  carried  very  far,  and  then  fall  to  the  ground, 
evelop  an  individual  in  a  region  where  the  species  was  never  seen 
J.  Again,  the  presence  of  microbes,  to  which  we  have  previously 
e<l,  aud  which  explains  how  many  diseases  are  carried  far  and  wide 
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40,000  aud  80,000,  while  at  7,000  meters  altitude,  and  above  the  sea  at 
some  distance  from  the  shore,  none  at  all  are  found.  These  figures  are 
enough  to  show  how  the  air  under  certain  circumstances  is  a  dangerous 
agent,  and  serves  as  a  vehicle  of  death. 

As  we  have  seen,  air  is  fraught  with  life  as  well  as  with  death.  Each 
of  its  constituents  is  essential  to  life,  and  each  is  also  a  cause  of  death. 
The  one  that  appears  to  be  the  most  vivifying  of  them  all,  becomes  under 
certain  conditions  and  doses,  a  fatal  poison;  the  most  useless,  the  most 
harmful  is,  when  carefully  investigated,  an  essential  basis  of  the  whole 
structure  of  life.  And  the  general  conclusion  is  that  none  could  disap- 
pear, none  could  exist  under  a  different  form  or  in  markedly  differeot 
proportions,  without  soon  altering  the  features  of  our  planet  and  chang- 
ing it  into  a  naked  and  barren  globe  on  whose  surface  no  living  being, 
of  the  present  type,  could  be  found. 

If  we  study  the  subject  more  attentively  we  become  aware  of  another 
fact.  We  perceive,  to  use  again  J.  B.  Dumas's  very  happy  phrase, 
that  all  living  beings  are,  at  last  analysis,  nothing  but  condensed  air. 
Plants  exist  mainly  by  reason  of  the  existence  of  air,  and  animals  and 
man  can  not  exist  without  plants.  The  elements  of  plants  are  air, 
and  animals  live  upon  plants;  the  connection  is  direct  and  intimate, 
and  man,  therefore,  is  also  only  condensed  air.  And  as  this  air,  since 
the  centuries  during  which  mankind  has  existed,  has  been  unceasingly 
migrating  from  generation  to  generation,  from  individual  to  individnal, 
now  part  of  some  of  our  human  ancestors,  later  returning  to  the  atmos- 
phere, and  thus  perpetually  pursuing  its  cycle,  our  present  organism  is 
made  of  the  same  elements  as  that  of  our  ancestors.  Their  substance 
is  also  ours.  And  this  substance,  which  is  also  that  of  past  animals  and 
Ijlants,  goes  on  through  space  as  an  untiring  wave.  To-day  or  to-mor- 
row a  flower  or  a  fruit,  it  will  unite  at  one  time  to  form  a  portion  of  a 
sluggish  mollusk,  at  another  to  help  build  the  brain  of  a  Descartes,  a 
^Newton,  a  Pascal,  a  Shakespeare,  a  Helmholtz,  a  Joan  of  Arc.  The 
cycle  is  never  interrupted.  No  human  eye  witnessed  its  beginning; 
none  will  witness  its  end.  It  seems  to  be  infinite  and  eternal— 
although,  doubtless,  it  is  neither — and  alternating  from  life  to  death,  as 
old  as  the  world  and  yet  as  young  as  the  newborn ;  if  consciousness 
were  among  its  attributes  it  would  have  gone  through  all  that  life 
may  give — the  highest  joys,  the  deepest  sorrows,  and  all  emotions,  the 
noblest  as  well  as  the  basest. 

The  breeze  which  gently  moves  the  leaves,  the  wind  which  moans 
through  the  high  forests,  is  the  sum  total  of  all  life  that  has  been.  It 
is  the  material  of  all  that  has  had  existence,  of  those  that  came  before 
us,  of  those  that  are  no  more  and  for  whom  we  weep.  Now  it  becomes 
part  of  ourselves  and  to-morrow,  perhaps,  it  will  go  on,  pursuing  its 
way,  unceasingly  metamorphosed  from  organism  to  organism  without 
^  choice  or  favor,  ac(5ording  to  law,  till  the  time  comes  when  our  globe, 
no  longer  heated  by  the  cooling  sun,  shall  slowly  die.    Then  all  the 
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stance  of  past  living  organisms  will  rest  and  return  to  earth;  mortal 
d  aud  darkness  will  reign;  the  cortain  will  drop  upon  the  tragedy 
life,  aud  that  which  remains  will  be  a  frozen  and  gigantic  tomb, 
ling  silent  and  desolate  throagh  the  unfathomable  depths  of  the 
kened  heavens. 

I  will  encounter  darkness  as  a  bride 
And  bag  it  in  my  arms. 

{Measure  for  Meamre.) 
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Part  L — Constitution  and  Conditions  of  the  Air. 

The  atmosphere  has  been  compared  to  a  great  ocean,  at  the  bottom 
of  wLich  we  live.  But  the  comparison  gives  no  idea  of  the  magnitude 
of  this  ocean,  without  definite  bounds,  and  varying  incessantly  in  den- 
sity and  other  important  qualities  from  depth  to  height  and  from  place 
f  0  place. 

Uninterrupted  by  emergent  continents  and  islands,  the  atmosphere 
^r^ly  spreads  high  above  all  mountains  and  flows  ever  in  mighty  cur- 
^^ute  at  levels  beyond  the  most  elevated  regions  of  the  solid  earth. 
^hat  is  the  composition  of  this  encompassing  fluid,  and  what  its  char- 
acter!   The  work  of  the  present  century  has  gathered  in  a  rich  store 
^f  knowledge  to  answer  the  inquiry. 

The  atmosphere  consists  in  the  main  of  two  gases,  oxygen  and  nitro- 
gen, and  these  are  intimately  mixed  in  the  proportion  of  about  20.9 
^f  oxygen  to  79.1  of  nitrogen  by  volume,  and  23.1  of  oxygen  to  76.9  of 
tlitrogen  by  weight.  ^  These  gases,  which  are  each  of  them  chemical  ele- 
tnents,  are  not  chemically  combined  with  one  another,  but  only  mixed; 
?ach  preserves  its  qualities,  modified  only  by  solution  in  the  other, 
jases  have  tbe  property  of  diffusing  among  each  other  so  completely, 
hat  no  i)ortion  which  could  be  conveniently  taken,  however  small, 
rould  fail  to  represent  the  two  gases  in  a  proportion  corresponding 
rith  that  which  they  maintain  in  the  whole  atmosphere. 

Another  valuable  constituent  of  the  atmosphere,  though  varying 
preatly  in  amount  at  diflTerent  times  and  places,  is  of  no  less  imjwr- 


'Aathor  of  ** London  Fogs,"  "Epidemics,  Plagues,  and  Fevers;  their  Causes  and 
Prevention/'  ''The  Spread  of  Influenza,"  *'  Observations  on  Dew  and  Frosts,"  etc. 

'M.Leduc  gives  the  weights  as  follows:  Oxygen,  23.58;  nitrogen,  76.42.  Dumas 
Ad  Bonssinganlt  give  the  density  of  nitrogen  as  0.09725.     (Comptes  Rendus,  1890.) 

71^ 


204      ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH. 

tance  to  mankind  tban  the  two  elementary  gases  which  make  up  by  fat 
the  greater  part  of  the  vohime  and  weight  of  the  whole.  This  is  vapor 
of  water,  the  result  of  the  process  of  evaporation  of  those  vast  watery 
surfaces  which  are  always  in  contact  with  the  lower  strata  of  tlie  air. 

Deprive  the  air  of  any  one  of  these  three  main  constituents  and 
human  life  becomes  impossible. 

Next  in  rank  from  the  human  point  of  view  is  carbon  dioxide,  or  car- 
bonic acid  gas,  which,  though  comparatively  very  small  in  amount, 
exists  throughoat  at  least  all  tbe  lower  ranges  of  the  atmosphere,  and 
has  the  same  close  and  necessary  relations  with  plant  life  as  oxygen 
has,  or  rather  as  food  has,  with  the  life  of  animals.  It  presents  on  a 
great  scale  an  example  of  the  wonderful  law  of  gaseous  diffusion;  for, 
though  much  heavier  than  air,  in  the  proportion  of  about  2  to  1,  it 
diffuses  under  natural  conditions  nearly  equably  through  eveiy  part, 
whether  the  region  of  its  origin  be  near  or  distant. 

Stated  in  tons,  the  following  are  the  calculated  weights  of  the  chief 
substances  composing  the  whole  atmosphere: 

Billioaa  of  (am. 

Oxygen 1,233,010 

Nitrogen 3,994,5a3 

Carbon  dioxide 5, 287 

Vapor 54,4« 

In  addition  to  the  above,  we  find  in  the  air  a  variable  and  very  small 
quantity  of  ammonia,  chlorides,  sulphates,  sulphurous  acid,  nitric  acid, 
and  carburetted  hydrogen,  but  some  of  these  depend,  where  detected, 
to  a  great  extent  on  manufacturing  operations  and  on  aggregations  of 
men  and  animals. 

Liquids  and  solids  in  great  variety  are  also  very  important,  widely 
diffused,  and  constant  ingredients  in  the  atmosphere.  The  solids  are 
everywhere  present  in  the  condition  of  very  minute  microscopic  or  ultra- 
microscopic  motes  or  dust,  composed  chiefly  of  sea  salt,  or  chloride  of 
sodium,  sand,  or  fine  silicious  particles,  various  dusts  derived  fix)m 
volcanoes,  factories,  towns,  and  the  remains  of  meteors  set  on  fire  in 
their  passage  through  the  upper  air.  Some  of  the  most  beneficent 
functions  of  these  microscopic  and  invisible  motes  will  be  considered 
later.  Other  solids  present  in  the  upper  air  over  a  large  part  of  the 
globe  and  in  the  lower  strata,  especially  in  the  Arctic  regions,  are 
small  particles  of  ice,  condensed  either  in  clouds  or  in  air  which  appears 
nearly  clear.  Explorers  in  high  latitudes  relate  that  on  fine  cold  days 
the  air  is  frequently  sprinkled  with  shining  crystals  of  ice  which  seena 
to  fall  from  a  blue  sky,  and,  on  the  other  hand,  in  heavy  gales  and 
stormy  weather  the  lower  air  is  filled  with  a  fine  icy  dust,  resulting 
from  the  freezing  of  the  spray  torn  from  the  sea  waves.  In  temi)erate 
climates  very  much  of  the  rain  which  falls  on  the  surface  of  the  earth 
has  existed  previously  at  high  levels  in  the  state  of  snow  or  ice  particles. 
The  experience  of  mountaineers  and  balloon  voyagers,  and,  in  a  moun- 
tainous country,  the  sight  of  peaks  covered  with  fresh  snow  after  a 


tnic  eruptions  the  air  over  many  thonsand  square  miles  baa  been 
ted  by  a  dense  haze.  This  was  notably  the  case  in  the  siimmer 
'S3,  when,  after  an  eruption  in  Iceland,  terrestrial  and  celestial 
ite  were  dimmed  by  "dry  fog"  in  western  and  central  Earope  dor- 
leveral  weeks.  In  1883,  ou  the  other  hand,  aftei'  the  eraption  of 
atoa,  near  Java,  the  upper  air,  between  40,000  aud  130,000  feet  in 
ide,  was  overspread  with  a  semitranspareut  haze  uf  a  very  remark- 
character,  consisting  mainly  of  fluely  divided,  glassy  pumice, 
baze  stratnin  in  the  upper  sky  extended  over  all  known  countries 
emained  visible  for  several  months. 

nd  globules  are  the  most  obvious  and  widely  present  liquid  ingre- 
I  of  the  atmosphere.  Tbey  possess  properties  of  great  interest 
inection  with  the  recently  discovered  ubiquitous  atmospheric  dust, 
optical  phenomena,  and  with  the  formatiou  and  distribution  of 

I  other  familiar  forms  of  water  iu  the  air  are  dry  and  damp  fogs, 
and  rain.  Haze  is  in  most  instances,  at  least  so  far  as  the  pres- 
Titer's  observations  go,  in  the  south  of  England,  a  phenomenon 
ding  on  very  small  particles  of  water  and  on  the  presence  of  dust 
les  as  nuclei. 

>ne,  an  allotropic  and  unstable  form  of  oxygen,  has  been  found  to 
istantly  present,  in  very  small  quantities,  iu  the  open  air  in  uat- 
ouditions,  but  can  not  be  traced  iu  the  impure  air  of  great  towus, 
1  no  doubt  always  greatly  diminished  where  dwellings  are  tliick 
ler.  Ozone  consists  of  molecules,  each  supposed  to  contain  three 
oles  of  oxygen. 
oxide  of  hydrogen  is  also  supposed  to  exist  in  slight  trat-es  in  the 
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metallic  and  other  elements  of  the  earth,  forms  also,  in  union  with 
hydrogen,  the  great  body  of  water  which  covers  three-fourths  of  tbe 
terrestrial  surfiice.  Water  consists  of  two  volumes  of  hydrogen  and 
one  volume  of  oxygen  chemically  combined.  Stated  by  weight,  out  of 
nine  parts  of  water  eight  are  oxygen.  But  water,  as  we  know  it,  always 
contains  other  matter,  and  chiefly  atmospheric  air,  which  is  dissohed 
in  it,  and  to  a  considerable  extent  changes  its  character.  For  the  serv- 
ice of  man,  water,  deprived  of  air,  would  have  lost  several  imiK)rtaDt 
characteristics.  Oxygen  is  dissolved  in  water  to  the  extent  of  2.99 
volumes  to  100  of  water  at  15^  C,  an  amount  sufficient  to  support  tlie 
existence  of  fishes  and  hosts  of  other  aquatic  creatures,  and  to  oxidize 
and  render  innocuous  some  of  the  common  impurities  which  result  from 
animal  and  vegetable  processes  and  decay.  Probably  its  power  when 
dissolved  in  the  liquid  is  greater  than  in  the  atmosphere,  and  it  mast 
be  compressed  into  a  smaller  space.  Fresh  charcoal  absorbs  eighteen 
times  its  volume  of  oxygen,  and  a  much  larger  bulk  of  organic  vapors, 
especially  ammonia;  in  this  condensed  state  the  oxygen  acts  so  power- 
fully as  to  unite  with  hydrogen  to  form  water  vapor,  and  with  sulphor 
to  form  sulphur  dioxide.  We  may  thus  assume  that  water,  as  we  use  it 
and  drink  it,  has  important  effects  upon  the  body  which  would  not  take 
place  if  robbed  of  its  contained  oxygen.  As  an  instance  of  the  value 
of  the  air  contained  in  water  for  many  domestic  purposes,  its  assistance 
in  the  making  of  tea  may  be  mentioned ;  if  the  air  be  allowed  to  boil  out 
of  the  water  the  beverage  is  spoiled.  Recent  observation,  however, 
shows  that  oxygen  is  not  altogether  removed  from  good  water  by  the 
process  of  boiling.* 

Oxygen  has  a  very  strong  chemical  attraction  for  the  elements;  only 
one  is  known  with  which  it  does  not  combine.  Hence,  "to  burn"  in 
common  language  mean^  combination  with  oxygen,  and  most  sub- 
stances in  the  crust  of  the  earth  are  already  burnt,  or  combined  with 
oxygen.  In  its  ordinary  form  it  has  no  color,  taste,  or  smell,  according 
to  most  observers,  but  recently  a  faint  blue  color  has  beeii  detected  as 
belonging  to  it,  when  seen  in  sufficient  quantity.  It  has  a  small 
refracting  influence  on  light,  and  exhibits  a  magnetic  property,  esy^e- 
cially  strong  in  the  liquid  form,  to  which  it  has  recently  been  driven  by 
intense  cold  and  pressure.  The  degree  of  cold  required  was  —  140^  C. 
under  a  pressure  of  320  atmospheres. 

The  proportion,  by  weight,  of  oxygen  in  the  air  has  been  determined 
by  Leduc  as  23.58  per  cent.^ 

The  volume  of  oxygen  in  the  air  in  different  localities  and  conditions 
has  been  tested  by  various  observers.  On  the  western  seashore  of 
Scotland  the  percentage  was  found  to  be  20.991 ;  on  the  tops  of  hills, 
20.98;  in  a  sitting  room  (close),  20.89;  at  the  backs  of  houses,  20.70; 
at  the  bottom  of  shafts  in  mines,  20.44, 


^  See  Comptes  Reudus,  1890.    M.  MuUer. 
'  Coiiiptes  RenduB,  1890.     A.  Leduc. 
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The  accarate  determinations  of  Bunsen  of  the  oxygen  in  the  general 
air  gave  a  mean  of  20.93  per  cent.  Two  hundred  and  three  analyses 
by  Beiset  gave  nearly  the  same  result.  Hempel  found  the  amount  at 
Tronso  to  be  20.92;  at  Dresden,  20.90;  at  Paris,  20.89.  These  amounts 
must  be  received  with  qualification,  because  in  comparing  one  town 
with  another  more  depends  on  the  position  in  the  town  than  on  the 
situation  of  the  town. 

Tlie  average  proportion  of  oxygen  in  the  open  country  or  at  sea 
may  be  stated  at  about  20.95  per  cent.  In  large,  open  spaces  in  Lon- 
don the  amount  of  oxygen  is  nearly  normal;  in  the  streets,  about 
20.880;  in  Manchester,  in  fog  and  frost,  20.91;  in  the  suburbs  in  wet 
weather,  20.96  to  20.98.  These  figures  are  merely  approximate. 
In  the  air  of  mines  an  average  of  20  has  been  observed,  and  in 

extreme  cases  the  amount  was  no  higher  than  18.6. 
In  the  midst  of  vegetation  on  open  ground,  especially  in  the  daytime, 

there  is  an  excess  of  oxygen. 
Angus  Smith  and  others  found  the  following  quantities  of  oxygen  in 

air  in  different  situations : 

On  the  Atlantic  (Regnault) 20.918 

In  the  Andes  on  Pichincha,  about  (Regnault) 20. 949 

Tops  of  hUls,  Scotland 20.98 

Northeast  shore  and  open  heath,  Scotland 20. 999 

Stockholm  (Petersson  and  Hugland) 20. 94 

Siibnrb  of  Manchester,  wet  day 20. 98 

Middle  of  Manchester,  inclosed  space 20. 652 

Manchester,  fog  and  frost 20. 91. 

Manchester,  backs  of  houses  and  closets 20. 70 

Manchester,  dense  fog 20. 86 

Heidelberg  (Bunsen) 20.924 

Low  parts  of  Perth 20.935 

!20  9'^ 
20'  Q^"' 

Bengal  Bay,  overbad  water  (Regnault) 20.387 

Sitting  room,  rather  close I 20. 89 

Small  room  with  petroleum  lamp 20. 84 

Gallerjof  a  theater,  10.30  p.  m 20.86 

Pit  of  a  theater,  11.30  p.  m 20.74 

Court  of  Queen's  Bench 20. 65 

Chemical  Theater,  Sorboune,  before  lecture 20. 28 

Chemical  Theater,  Sorboune,  after  lecture 19. 86 

In  cow  houses 20. 75 

In  sumps  or  pits  in  mines 20. 14 

Worst  in  a  mine 18.227 

Very  difficult  to  remain  in  many  minutes 17.2 

Recent  experiments  by  Messrs.  Smith  and  Haldane  on  impure  air 
contained  in  a  leaden  chamber  showed  that  with  oxygen  20.19  and 
carbon  dioxide  3.84  two  men  instantly  got  headaches  on  entering. 

Oxygen  is  the  breath  of  life,  the  element  without  which  no  human 
being  could  exist  for  a  single  hour.  Brought  into  contact  by  every 
inhalation  of  the  lun^s^  it  revivifies  the  loaded  blood,  spreads  over  the 
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body  the  warmth  resulting  from  its  combustion  with  the  carbon  con 
tained  in  the  blood  and  tissues,  and  gives  to  the  whole  physical  being 
a  vigor  and  freshness   which   is   impossible  where  the  element  is 
deficient.    Thus  to  mankind  it  is  life-giver,  warmth-maker,  and  poii 
fier.    Unlike  food,  which  may  be  taken  irregularly  and  at  long  inter- 
vals, oxygen  is  a  necessity  at  all  times  and  in  all  conditions,  in  every 
hour  of  the  day  and  night;  and  upon  its  reaching  or  approaching  tk 
normal  quantity  in  the  air  around  us,  our  health  and  enjoyment  directly 
depend. 

By  the  law  of  diffusion  of  gases,  which  causes  the  interchange  of 
position  of  gases  separated  by  a  thin  porous  partition,  the  carbonic  add 
gas  brought  by  the  blood  to  the  lungs  parses  out  and  is  then  exhaled, 
while  the  oxygen  breathed  into  the  air  cells  passes  in  through  the 
walls  of  these  cells  to  the  blood.    The  heart  sends  the  impure  blood 
derived  from  the  circulation  through  the  body  to  the  lungs;  this  dark 
blood  is  loaded  with  carbonic  acid  gas;  the  lungs  return  the  aerated 
and  purified  red  blood  through  their  blood  vessels  to  another  division 
of  the  heart,  which  again  drives  the  vivifying  blood  through  the  sys- 
tem.   Experiments  have  shown  that  a  similar  change  in  apx)earanoe 
from  dark  to  bright  red  blood  can  be  caused  by  passing  a  stream  of 
oxygen  through  the  dark  venous  blood  of  an  animal.    That  a  proce^ 
of  combustion,  or,  otherwise  put,  chemical  union,  goes  on  at  the  same 
time,  is  shown  by  the  fact  that  the  blood  is  raised  one  or  two  degrees 
by  its  contact  with  oxygen.     The  oxygen  in  its  course  through  the 
body  combines  with  the  effete  or  waste  products  presented  to  it  by  the 
tissues,  and  so  the  heating  effect  of  combustion  maintains  the  tempera- 
ture of  the  whole  body  at  the  normal,  about  98.6.     The  waste  gases 
given  off  by  the  lungs  consist  of  carbonic  acid  gas,  water  vapor,  and  a 
very  small  quantity  of  ammonia  and  other  organic  matters. 

The  average  volume  of  air  breathed  in  at  each  breath  is  about  ^ 
cubic  inches,  and  the  volume  of  air  which  may  be  easily  breathed  in  by 
an  effort,  and  by  expanding  the  chest,  is  about  130  cubic  inches,  or 
about  four  times  as  much.  After  a  very  full  inspiration  about  230  cubic 
inches  can  be  expired  by  a  man  of  average  height  and  in  good  health. 
The  total  capacity  of  the  lungs,  however,  is  much  more  than  this — abont 
330  cubic  inches.  Thus  in  ordinary  quiet  breathing  we  only  fill  about 
one-tenth  of  the  available  air  space  of  the  lungs.  After  every  outbreatb, 
or  expiration,  a  quantity  of  air  is  lefb  in  the  lungs.  This  residual  air 
amounts  to  about  100  cubic  inches. 

An  adult  at  rest  breathes  about  686,000  cubic  inches  in  the  course 
of  twenty-four  hours;  a  laborer  at  full  work,  about  1,586,900  cubic 
inches — more  than  double.  The  amount  of  air  passing  into  the  lungs 
has  been  estimated  at  400  cubic  feet  in  a  state  of  rest,  600  in  exercise, 
1,000  in  severe  exertion.  The  number  of  air  cells  in  the  lungs  is  esti- 
mated at  5,000,000  or  6,000,000,  and  their  surface  at  about  20  square 
feet.  The  epithelium  or  membranous  film  between  the  blood  and  air  is 
exceedingly  thin,  and  in  many  parts  the  capillaries  are  exposed,  in  the 
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dividing  walls  of  cells,  to  air  on  both  sides.  The  weight  of  air  inhaled 
in  the  course  of  the  day  is  seven  or  eight  tiues  that  of  the  food  eaten. 
The  mechanical  work  of  breathing  represents  energy  expressed  by  the 
lifting  of  21  tons  1  foot  in  24  hours.^ 

From  every  volume  of  air  inspired  about  4J  per  cent  of  oxygen  is 
abstracted,  and  a  somewhat  smaller  quantity  of  carbonic  acid  gas  is  at 
the  same  time  added  to  the  expired  air. 

Experiments  on  animals  show  that  the  amount  of  oxygen  absorbed 
is  very  little  if  at  all  increased  by  an  excess  in  the  air  surrounding 
them. 

OZONE. 

Ozone  is  an  important  constituent  of  the  atmosphere,  greatly  <;on- 
tribnting  to  its  purity  and  freshness  and  to  the  vigor  of  human  life. 
It  is  a  form  of  oxygen  in  which  the  molecule  is  considered  to  be 
composed  of  three  molecules  of  tbe  gas. 

Although  existing  in  small  quantity  in  the  air,  rarely  exceeding  1 
part  in  10,000,  the  activity  of  ozone  is  so  great  and  its  function  so 
beneficial  that  its  x)resence  in  normal  quantity  is,  in  ordinary  sur- 
roundings, a  fair  guaranty  of  the  purity  of  the  air  and  of  healthy  con- 
ditions so  far  as  breathing  is  concerned.  No  ozone  is  found  in  the 
streets  of  large  towns,  in  most  inhabited  rooms,  near  decouix)osing 
organic  matter,  and  in  confined  spaces  generally.  In  very  large,  well- 
yentilated  rooms  it  is  sometimes,  though  rarely,  detected.  Ozone  is 
found  in  very  small  quantity  a  little  to  leeward  of  a  large  town.  Even 
at  Brighton,  a  town  of  about  110,000  inhabitants,  ozone  was  barely 
discoverable  on  the  pier  when  the  wind  blew  from  the  town,  but 
abundant  when  the  wind  was  from  another  direction. 

Ozone  has  the  xK)wer  of  oxidizing  to  a  much  higher  degree  than  oxy- 
gen, and  vigorously  attacks  organic  matter  in  a  fine  state  of  division. 
It  is  therefore  a  strong  disinfectant.  Its  oxidizing  power  is  the  reason 
of  its  absence  from  confined  spaces  where  organic  matter,  dust,  or  smoke 
is  present,  for  such  matter  quickly  uses  up  the  small  portion  of  ozone 
which  enters  with  the  fresh  air.  The  walls,  furniture,  etc.,  are  also 
covered  with  fine  dust,  which  the  ozone  attacks.  The  difi'erence  we 
feel  in  going  from  a  furnished  room,  however  large,  into  the  open  air, 
is  thus  partly  accounted  for.  There  is  somewhat  more  ozone  on  moun- 
tains than  on  plains,  and  most  of  all  near  the  sea.  Water  is  said  by 
Carius  to  absorb  0.8  of  its  volume  of  ozone.  An  examination  of  sea 
water  with  a  view  to  detect  the  amount  contained  in  it  would  be  diffi- 
cult, but  might  give  interesting  results.  A  great  excess  of  ozone  is 
destructive  to  life,  and  oxygen  containing  one  two  hundred  and  fortieth 
part  of  ozone  is  rapidly  fatal.  The  ordinary  quantity  even  has  bad 
effects  in  exacerbating  bronchitis  and  bronchial  colds  and  some  other 
affections  of  the  lungs. 


'  Professor  Hanghton,  Carpenter's  Principle8  of  Human  Physiology. 
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Ozone  is  formed  by  the  passage  of  the  electric  spark,  and  especially 
of  the  brisk   discharge  through  oxygen,  and  is  therefore  found  in 
unusual  quantity  after  thunderstorms.    It  may  also  be  formed  by  the 
slow  oxidation  of  phospliorus,  and  of  essential  oils  in  the  presence  of 
moisture;  also  by  the  decomposition  of  water  by  a  galvanic  current. 
When  formed  by  electric  discharge  in  air,  it  is  quickly  turned  back 
again  into  oxygen,  either  by  further  discharges  or  by  the  action  of  higb 
temperature,  about  230^  C.;  at  the  temjierature  of  boiling  water  its 
slowly  decomx)osed  in  moist  air.     Its  pungency  of  odor  is  said  to  make 
it  easily  perceptible  when  only  present  to  the  extent  of  1  volume  in 
2,600,000  volumes  of  air,  and  the  smell  may  sometimes  be  noticed  on 
the  seabeach.    It  has  been  liquefied  at  100°  C.  under  127  atmospheres 
pressure.    In  this  form  it  shows  a  dark  indigo-blue  c^)lor;  gaseous 
ozone  looked  at  in  a  tube  1  meter  long  also  shows  a  blue  color.    Thus 
there  can  be  little  doubt  that,  in  conjunction  with  oxygen  and  fine  dust 
it  contributes  to  the  azure  hue  of  the  sky. 

NITROGEN. 

Fitrogen,  the  gas  which  constitutes  four-fifths  of  the  volume  of  the 
atmosphere,  takes  no  direct  part  in  the  sustenance  of  human  life,  bat 
has  two  great  functions  to  perform:  first,  the  dilution  of  oxygen  totbe 
proper  and  tolerable  strength  for  respiration,  and  secondly,  the  supply 
of  food  material  to  plants. 

Although  life  is  possible  for  many  hours  in  pure  oxygen,  it  is  hardly 
conceivable  that  the  human  constitution  could  be  so  modified  as  to 
endure  for  long  an  atmosphere  of  so  actively  combustible  a  character. 
At  any  rate,  nitrogen  is  indispensable  in  present  conditions  to  the 
human  race.    Plants,  with  few  exceptions,  do  not  absorb  nitrogen  from 
the  air,  and,  indeed,  iu  the  case  of  most  of  these  exceptions  the  supply 
of  nitrogen  is  iu  a  transitional  compound  form.    Fitrogen  is  brought 
to  the  plants  iu  general  by  processes  of  decay,  and  by  the  action  of 
microbes  in  the  soil,  which  rearrange  organic  elements,  forming  nitrates 
and  nitrites.    These  nitrogen  compounds  are  largely  applied  to  the 
roots  of  plants  as  manure.     Only  one  or  two  classes  of  plants  can  take 
up  nitrogen  from  the  air.     Certain  low  alga^,  freely  exposed  to  light  and 
air,  seem  to  absorb  nitrogen  directly.     Leguminous  plants,  such  as 
peas,  vetches,  lupins,  beans,  clover,  etc.,  absorb  nitrogen  from  the  air 
in  a  very  curious  way.    Nodules  or  swellings  are  found  on  the  roots; 
these  contain  minute  fungi  or  microbes;  the  bacteria  absorb  nitrogen 
from  the  air,  and,  probably  at  the  expense  of  the  energy  of  the  carbo 
hydrates,  etc.,  which  they  oxidize,  supply  this  nitrogen  in  the  form  of 
compounds  to  the  plant.    These  recently  discovered  facts  open  out  the 
prospect  of  obtaining  scientifically  from  the  air,  in  some  eases  at  least 
the  nitrogen  which  is  now  applied  in  combination  with  oxygen,  soda, 
etc.,  as  manure.     If  by  the  aid  of  special  bacteria  parasitic  upon  the 
plant  we  can  systematically  obtain  the  chief  element  of  manurial 


Q  it  freezes  into  a  suow- white  solid  iu  the  air,  and  in  a  vessel 
the  vacuum  of  the  air  pump  freezes  iuto  a  transparent  mass 
ie. 

^  liter  of  carbonic  dioxide  at  0^  C.  and  760  mm.  pressure  weighs 
4,  nearly  double  the  weight  of  air,  taken  as  1. 
the  ordinary  temperature  and  pressure  water  dissolves  about  its 
olume  of  the  gas.  Dissolved  in  rain  it  exerts  in  the  course  of  time 
r  powerful  disintegrating  effect  on  rocks  and  minerals,  so  that 
ust  of  the  earth  is  greatly  modified  by  the  constant  action  of  the 
on. 

)  chief  sources  of  carbonic  dioxide  in  the  air  are  the  respiration  of 
As  and  the  burning  of  fuel.  A  large  quantity  emerges  from  the 
ill  certain  places,  as  in  the  Poison  Valley  of  Java,  and  in  many 
al  springs,  where  it  effervesces  out  of  water  escaping  from  pressure, 
issure  found  the  amount  per  cent  in  a  wood  near  Geneva  to  be 
[  in  the  day  and  0.0576  at  night;  in  January,  0.0423;  in  August, 
L  In  Geneva  he  found  an  average  amount  of  0.0468,  compared 
).0437  in  the  wood. 

iilze,  Reiset,  Levy,  Armstrong,  and  Muntz,  in  different  places, 
several  thousand  observations,  and  the  mean  of  all  these  shows 
g  the  day  0.0200,  and  during  the  night  0.0317.  lieiset's  long  con- 
1  observations  in  the  country  4  miles  from  Dieppe  gave  an  averajre 
2942;  and  in  June,  above  the  crop  of  red  trefoil,  0.02898;  in  July, 
s  barley,  0.02829;  near  a  flock  of  sheep,  0.03178. 
>rpe^8  very  carefully  conducted  experiments  agree  well  with  the 
)  values,  and  give  for  the  air  over  the  sea  0.03011.  Armstrong,  at 
nere.  obtained  during:  the  dav  0.0296,  and  during:  the  ni«:ht  0.033. 
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observations  show  an  average  not  exceeding  0.0317  per  cent,  even  at 
night,  and  a  general  mean  of  about  0.0308,  or  3.08  volames  in  10,000. 
AH  the  most  recent  works  on  hygiene,  however  generally  accorate} 
repeat  this  error. 

Considering  the  value  of  small  quantities  in  these  ineasuremeDts, 
especially  where  they  afifect  human  life,  it  is  most  desirable  that  the 
standard  should  be  taken  rather  as  3  than  4  volumes  per  10,000. 

Although  carbon  dioxide  does  not  itself  support  animal  life,  and  we 
could  do  very  well  without'it  in  the  atmosphere  so  far  as  breathiDg  is 
concerned,  it  is  necessary  to  the  growth  of  plants,  and  therefore  through 
them  an  indispensable  substance  for  the  existence  of  the  human  race; 
The  vegetable  world  not  only  needs  a  supply  of  this  gas  for  its  own 
sustenance,  but  by  the  selective  action  of  its  leaves  keeps  the  air  con- 
tinually pure  enough  for  the  life  of  animals.    Under  the  influence  of 
sunlight  every  green  plant  absorbs  the  carbonic  dioxide  at  it^  surface^ 
breaks  it  up  into  carbon  and  oxygen,  and  returns  some  free  oxygen  to 
the  atmosphere.    In  this  way  the  two  great  kingdoms,  the  vegetable 
and  the  animal,  mutually  contribute,  each  to  the  other,  the  element? 
of  life.    The  carbon  drawn  from  the  air,  together  with  hydrogen  and 
oxygen,  forms  the  wood  of  the  tree,  the  stalk  of  the  plant,  and  the 
flesh  of  the  fruit,  and  these,  when  burnt  or  eaten,  again  result  in  carbon 
dioxide  and  water. 

The  change  from  the  compound  gas  to  carbon  and  oxygen  is  brought 
about  by  small  openings  or  pores  filled  with  a  green  substance, 
chlorophyll,  which  durinc,^  the  daytime  has  the  power  to  extract  the 
carbon  and  set  free  th?  oxygen.  At  night,  on  the  contrary,  there  is  a 
slight  expiration  of  carbonic  dioxide,  so  that  there  is  a  real  reiison 
against  keeping  large  green  plants  in  a  bedroom  during  the  night 
But  the  amount  is  very  small  compared  with  that  exhaled  by  one 
person. 

It  is  now  known  that  plants,  like  animals,  breathe  oxygen  from  the 
air,  while  they  use  the  carbonic  aoid  as  food. 

About  1,346  cubic  inches  of  carbonic  dioxide  are  exhaled  by  a 
healthy  man  per  hour.  An  adult  gives  off*  in  repose  about  0.7  cubic 
foot,  and  in  active  work  about  1  cubic  foot  per  hour.    (Pettenkofer.) 

It  is  a  remarkable  fact  that  this  amount  is  much  reduced  when  the 
air  is  already  fouled  with  this  gas;  experiments  showed  that  where 
the  same  air  was  rebreathed,  as  it  often  is,  the  reduction  was  from  32 
to  9.5  inches  per  minute.  Thus  it  appears  that  the  elimination  of 
waste  products  from  the  system  is  seriously  checked  by  the  presence 
in  the  air  breathed  of  an  excess  of  carbonic  dioxide.  Otherwise 
stated,  air  in  crowded  places  may  continue  to  sustain  life  while  it  fails 
to  remove  any  but  a  very  inadequate  portion  of  the  poisons  with  which 
the  blood  is  charged. 

The  general  surface  of  the  skin  of  the  body  also  gives  out  a  consid- 
erable quantity  of  carbon  dioxide,  though,  of  course,  very  much  less 
than  the  lungs. 
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AboQt  67,200  cubic  feet  of  carbon  dioxide '  are  given  off  by  the  burn- 
ing of  every  ton  of  coal.  Since  about  405,480  tons  are  burnt  daily  in 
England  on  an  average  (the  quantity  is  much  larger  in  winter),  the  air 
overtlie  country  receives  daily  about  24,728,256,000  cubic  feet  of  the 
gas,  or  1,200,000  tons. 

The  perfect  burning  of  ordinary  coal  gas  gives  rise  to  200  cubic  feet 
of  carbonic  dioxide  for  every  100  cubic  feet  of  gas  consumed.  Practi- 
cally every  cubic  foot  of  gas  burnt  vitiates  as  much  air  as  the  respira- 
tion of  one  person.  So  that  in  a  large  town  during  the  evening  hours 
in  winter  the  vitiation  of  the  air  is  in  main  streets  and  in  rooms  many 
times  larger  than  during  the  daytime. 

Angus  Smith,  whose  methods  were  not  quite  so  precise  as  those  later 
in  use,  found  the  following  amounts  of  the  gas  in  air  in  the  situation 
described: 

HilU  in  Scotland,  1,000  to  4,406  feet  high 0.0332 

Bottom  of  same  hills 0331 

lothesnburbs  of  Dundee  at  night 028 

In  Dnndee  at  night 042 

In  London  parks 0301 

On  the  Thames 0343 

Where  fields  began  around  London 0369 

In  the  streets  in  London  in  summer 0380 

In  Manchester  in  usual  weather .- 0403 

In  Manchester  in  fogs 0679 

In  workshops 300 

In  the  chancery  conrt,3  feet  from  the  ground 203 

In  the  Standard  Theater  pit 323 

In  very  ill-ventilated  Cornish  mines 2.  50 

It  appears  from  these  figures  that  hill  air,  like  that  of  the  open  coun- 
try and  of  the  seaside,  contains  little  carbonic  acid,  but  is  not  superior 
in  this  respect  to  the  air  of  the  central  parts  of  large  parks  in  towns. 
In  the  streets  of  a  town  the  amount  is  decidedly  larger  by  about  1  in 
10,000  than  the  average  amount  of  the  country.  During  the  preva- 
lence of  fogs,  streets  and  confined  places  in  towns  often  contain  double 
the  natural  amount.  The  condition  of  the  air  of  workshops,  theaters, 
and  crowded  places  generally  is  evidently  foul  and  daugerous  to  health. 

In  the  central  parts  of  London,  within  the  city,  Dr.  W.  J.  Russell 
found  a  mean  of  0.0422  for  three  winters,  and  0.0379  for  two  summers. 
During  fogs  the  amounts  were  much  higher,  giving  an  average  of  0.072, 
and  on  one  occasion  a  measurement  of  0.141  was  recorded.  The  lifting 
of  a  fog  was  followed  by  a  rapid  decrease  in  the  excess.  On  still  dark 
days  the  amount  was  large.  On  fine  days,  in  strong  winds,  and  on 
holidays,  the  quantity  was  below  the  average. 

The  deficiency  of  oxygen  and  excess  of  carbonic  acid,  which  are 
common  to  nearly  all  rooms,  schools^  churches,  theaters,  and  workshops 
where  many  persons  are  gathered,  are  very  favorable  not  only  to  the 
spread  of  various  infectious  diseases,  but  to  the  maintenance  of  a  number 

• 

^  Reduced  to  about  the  average  temperBture  of  the  air  in  England,  50^^. 
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of  minor  ailments;  and  where  the  exposure  to  foul  air  is  prolonged, 
as  in*  workshops,  offices,  and  mills,  to  a  continued  depression  of  vitality. 
Various  artificial  means  have  been  tried  for  improving  the  air  of 
crowded  rooms,  and  some  are  successful,  but,  on  the  whole,  the  direct 
admission  of  plenty  of  fresh  air  in  currents  directed  upward  and  the 
removal  of  bad  air  by  flues  of  sufficient  diameter  give  in  the  longruD 
the  most  satisfactory  results. 

The  worst  condition  of  air  to  which  people  are  often  exposed  would 
probably  be  found  in  closed  railway  carriages.    The  capacity  of  an 
ordinary  third-class  compartment  in  England  may  be  put  at  240  cubic 
feet;  it  is  certainly  not  greater.    Containing  10  persons,  it  provides  for 
each  person  24  cubic  feet  of  air  at  the  beginning  of  a  journey.    Sajv 
posing  the  air  to  be  unchanged,  in  the  course  of  one  hour  each  person 
will  have  breathed  17.7  of  these  cubic  feet.    Therefore,  at  the  eudof 
one  hour  177  cubic  feet  out  of  240  in  the  compartment  will  have  been 
breathed  out  of  the  lungs  of  its  occupants.    Since  an  average  man 
breathes  out  0.6  cubic  feet  of  carbon  dioxide  per  hour,  the  amount  of 
excess  of  this  gas  in  the  compartment  at  the  end  of  an  hour  is  6  cubif 
feet;  or  otherwise  stated,  the  amount  in  the  air,  instead  of  the  normal 
proportion  of  0.03  per  100  cubic  feet,  is  2.53  per  100  cubic  feet.    At  the 
same  time  the  oxygen  is  reduced  and  a  quantity  of  organic  iKiisonand 
vapor  is  taken  in  with  every  breath.    Practically,  however,  we  muijt 
take  into  account  the  facts  that  from  the  first  minute  every  person  in 
the  compartment  breathes  not  a  fresh  parcel  of  air  at  every  breath, 
but  an  already  contaminated  product,  and  that  an  excess  of  carbon 
dioxide  has  the  effect  of  at  once  diminishing  the  quantity  expired 
Thus  the  amount  of  carbon  dioxide  would  not  be  so  large  as  thatcal 
culated,  but  may  be  estimated  at  one-half— 1.26 per  cent.     But  the  defi- 
ciency in  the  carbon  dioxide  breathed  out  tells  of  carbon  and  other 
matters  remaining  unoxidized  in  the  human  system.    The  case  of  the 
compartment  supposed  air  tight  is  an  extreme  one  and  not  quite  exem- 
plified in  practice,  but  some  approach  to  the  condition  described  occur* 
in  thousands  of  railway  compartments  on  every  calm,  cold,  winter 
morning  nnd  evening.    Again,  in  traveling  to  the  south  of  Europe  in 
the  winter  of  1893  it  was  noticeable  that  48  persons  were  shut  up  in  one 
long  carriage  with  a  communicating  passage  between  the  compartments 
and  without  any  efficient  ventilation  even  through  a  hole  or  chink,  the 
windows  and  doors  all  being  made  to  fit  closely.     Twelve  hours  of 
breathing  the  same  air  would  be  likely  to  bring  the  occupants  to  a 
worse  condition  than  where  ten  persons  sleep  in  one  small  bedroom, 
which  is  about  the  worst  case  actually  occurring  in  large  towns.  More 
over,  these  carriages  are  largely  used  by  invalids  and  consumptives,  and 
must  become  sources  of  infection  to  delicate  persons. 

Experiment  by  means  of  the  sense  of  smell  has  shown  that  air  in  a 
room  seems  fresh  when  the  carbon  dioxide  does  not  exceed  0.05099  per 
cent,  a  little  unpleasant  when  the  proportion  is  0.08004  per  cent,  offen- 
sive and  very  close  at  0.12335,  and  extremely  close,  when  the  sense  of 
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;aD  no  longer  differentiate,  at  0.12818.    In  a  railway  compart- 
bis  amount  is  often  greatly  exceeded. 

recognized  by  the  best  authorities  that  in  order  to  keep  the  air 
)m  in  a  state  good  for  respiration  every  person  should  be  supplied 
,000  cubic  feet  of  fresh  air  in  every  hour.  Thus,  in  an  unveuti- 
tiilway  carriage  occupied  by  oue  person,  the  whole  of  the  air 
require  to  be  changed  thirteen  times  an  hour,  and  if  occupied 
persons,  one  hundred  and  thirty  times  an  hour.  Plainly,  the 
ktion  provided  by  ventilators  or  by  2  or  3  inches  of  open  window 
mpetent  to  do  this,  and  falls  very  far  short  of  what  is  required 
the  wind  blows  in  the  same  direction  as  that  in  which  the  train 
ingy  virtually  resulting  in  a  calm. 

[>ace  of  750  to  1,000  cubic  feet  in  a  room  is  properly  required  for 
lerson,  when  the  whole  of  the  air  is  renewed  by  imperceptible  and 
entilation  about  three  times  an  hour.  This  standard  is  commonly 
•proached  when  several  persons  occupy  a  small  room  and  windows 
oors  are  closed.  In  a  railway  compartment  the  space  for  ten  per- 
ihould  be  on  the  same  scale— 7,500  cubic  feet,  at  least — and  the 
ould  be  changed  completely  three  times  an  hour,  at  least.  As  a 
r  of  fact,  the  space  is  only  one-thirtieth  of  this  desirable  quantity, 
[)6  whole  air  may  in  many  cases  be  changed  not  more  than  three 
an  hour.  Since  the  space  can  not  well  be  increased,  the  alterna- 
nast  be  taken  of  largely  increasing  the  flow  of  air  through  the 
irtment.  Small,  fixed  openings  above  the  windows  and  a  venti- 
in  the  roof  would  be  the  most  efficient  means  of  replacing  foul  air 
sh.  The  openings  might  be  made  to  diminish  in  size  in  proi)or- 
)  the  strength  of  the  wind  encountered,  and  should  be  so  situated 
to  cause  a  perceptible  draft.  In  rooms  there  is  no  better  cheap 
ition  for  a  mild  climate  than  that  obtained  by  thickening  the 
part  of  the  frame  of  a  sash  window  so  as  to  leave  a  space  between 
o  sashes  by  which  air  enters  and  diffuses  itself  through  the  room, 
\  being  provided  by  the  chimney.  Tubes  of  rather  largo  size  com- 
iting  directly  with  the  outer  air,  and  with  their  interior  openings 
;d  upward  about  4  feet  above  the  floor,  are  very  satisfactory,  and 
stns  of  a  valve  or  damper  can  be  regulated  so  as  to  admit  more  or 
r,  according  to  weather. 

large  houses  and  cold  climates,  where  more  expensive  apparatus 
>Qduce  to  ultimate  economy,  a  thoroughly  satisfai'tory  arrange- 
B  the  provision  in  the  basement  of  a  coke  boiler  with  a  system  of 
kter  tubes  contained  in  a  chamber  into  which  fresh  air  passes,  and 
ice  led  through  flues  into  the  upper  parts  of  the  various  rooms, 
it  becomes  cooled  and  flows  away  with  the  products  of  respira- 
irough  openings  near  the  floor  into  pipes  connected  with  a  shaft 
lie  kitchen  chimney,  and  so  upward  into  the  open  air.  But  the 
and  stove  require  much  attention,  and  the  substitution  of  gas  for 
nel  would  sometimes  be  preferable, 
fires  are  good  if  the  products  of  combustion  are  not  per  milted  \jo 
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niiuglo  with  the  air  in  the  room,  but  carried  off  by  the  chimney,  as  with 
coal  fires.  The  poisonous  gases,  etc.,  generated  by  combustioa  are 
very  apt  to  cause  sore  throats,  headache,  and  other  ailments,  and  may 
favor  the  incidence  of  diphtheria.  Carbon  monoxide,  which  is  givea 
off  by  charcoal,  coke,  and  gas  fires  in  small  quantities,  is  a  strong 
poison. 

VAPOR  OF  WATER. 

The  atmosphere  of  vapor  of  water  coexisting  with  and  interpene- 
trating the  atmosphere  of  nitrogen  and  oxygen  is  of  no  less  impor- 
tance to  human  life.    Its  physical  properties  are  very  different  and  its 
characteristic  is  variety  of  state,  while  that  of  the  dry  air  in  which  it 
floats  is  uniformity  of  state.    Air  is  solid  at  — 328°  F.  under  a  pressure 
of  1,000  atmospheres ;  vapor  of  water  is  solid  at  32^  F.  auder  a  pres- 
sure of  1  atmosphere.    Becent  researches  have  proved  that  cohesion, 
the  force  by  which  bodies  are  held  together,  increases  as  temperatore 
is  reduced.    At  the  exceedingly  low  temperature  of  328°  F.  metals 
and  other  solids  are  firmer  than  at  any  higher  degree.     Heat  is  there- 
fore a  force  by  which  the  molecules  of  substances  in  general  are  drireo 
further  asunder  in  the  whole  range  of  temperature.    The  force  of  eohe 
sion  is  less  in  gases  than  in  liquids  and  solids;  and,  indeed,  is  not 
manifested  at  all  at  ordinary  temperatures  and  pressures.    Bygreal 
cold  and  great  pressure,  however,  all  gases  but  one  have  been  brongiit 
to  the  liquid  condition,  wherein  cohesion  obtains  the  advantage  over 
heat,  and  it  is  almost  certain  that  by  still  greater  cold  all  gases  woald 
be  enabled  to  exist  as  cohesive  solids.    The  habitable  state  of  our  globe 
depends  on  the  adjustment  of  temperature  and  atmospheric  density  so 
as  to  permit  the  elements  of  life  to  maintain  their  appropriate  gaseous 
and  liquid  forms.     It  is  the  large  diversity  of  melting  and  boiling 
points  in  different  substances  which  makes  life  possible.     Uniformity, 
or  even  an  approximation  to  it,  would  be  fatal. 

Water  vapor,  instead  of  being  nearly  homogeneous  and  of  equal  den- 
sity at  equal  heights  above  the  earth,  varies  greatly  in  quantity  at  dif- 
ferent times  and  in  different  places.  Like  a  gas,  it  tends  to  diffuse 
itself  uniformly  through  the  atmosphere  as  in  a  vacuum,  but  the  resist- 
ance of  the  air  has  the  effect  of  retarding  the  rate  of  diffusion.  Owing? 
moreover,  to  the  never-ceasing  operation  of  unequal  condensation  and 
evaporation,  the  distribution  of  vapor  is  very  unequal,  both  in  time 
and  place.  The  average  quantity  near  the  sea  level  in  most  countries 
is  from  60  to  75  per  cent  of  that  required  for  complete  saturation. 

While  air  is  always  a  mixture  of  gases  in  a  fixed  projiortion,  very  far 
beyond  *iny  possible  cause  of  liquefaction  or  solidification,  vapor  is 
never  far  from  its  condensing  point;  that  is,  however  high  the  tempera- 
ture and  however  low  the  pressure,  a  moderate  amount  of  cx)oling  will 
always  bring  it  into  the  condition  of  water  or  ice.  The  repulsive  force 
in  the  perfect  gas,  or  in  air,  is  sufficient  to  keep  it  gaseous  at  the  lowest 
conceivable  temperatures  in  natural  conditions;  the  cohesive  Ibroe  in 
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water  is  safficient  to  keep  it,  except  to  a  comparatively  small  amoant, 
in  the  state  of  a  liquid.  Yet  this  small  proportion  which  flows  through 
oar  atmosphere  reaches  the  enormous  weight  of  54,460  billions  of  tons. 
Lighter  than  air,  transparent,  almost  impalpable,  vapor  has  an  immense 
work  to  do  in  the  sustenance  of  all  that  grows  and  breathes  upon  the 
surface  of  the  earth.  Like  a  good  genius,  it  enables  the  air,  the  sun. 
shine,  the  earth,  to  bring  forth  their  riches,  to  cover  the  globe  with 
yerdore  and  gladness,  and  truly  to  make  the  desert  blossom  like  the 
rose.  Without  vapor  in  the  air,  there  would  be  no  streams,  no  lakes,  no 
wells.  The  land  would  be  uninhabitable  by  man,  except  so  far  as  fresh 
water  might  be  condensed  from  sea  water  by  machinery,  and  plants  for 
his  ase  be  grown  by  the  seashore.  Even  then  the  human  system  would 
hardly  tolerate  the  parching  influence  of  a  perfectly  dry  atmosphere. 

Water  vaxK)r,  having  a  low  temperature  of  condensation,  was  one  of 
the  last  sabstances  to  fall,  during  the  cooling  of  this  globe  millions  of 
years  ago,  from  the  vaporous  into  the  liquid  condition,  and  consecj[uently 
remains  as  a  covering  between  the  rocks,  which  were  early  solidified, 
and  the  air,  which  was  not  solidified  at  aU.  Water  covers  about  three- 
fonrths'  of  the  whole  area  of  the  terrestrial  ball.  It  has  the  remark- 
able property  of  being  capable  of  existing  in  the  gaseous,  liquid,  and 
sohd  states  within  a  small  range  of  temperature,  and  even  of  existing 
in  all  three  states  under  ordinary  conditions  at  temperatures  which  are 
common  in  winter  over  a  large  area,  and  which  are  easily  borne  by 
boman  beings. 

In  every  cubic  inch  of  water  are  many  thousands  of  millions  of  mil- 
lions of  molecules,  and  all  of  these  vibrate  more  or  less  rapidly  under  the 
stroke  of  heat.    Some  molecules,  as  a  result  of  collisions  among  them- 
selves, which  are  very  numerous  in  every  second,  and  as  a  result  of 
their  situation  on  the  surface  of  the  sea,  are  propelled  with  such 
Velocity  that  they  leap  above  the  general  surface,  get  beyond  the 
i^tainuig  power  of  cohesion,  and  are  taken  up  by  the  wind  or  by  rising 
carrents  and  carried  aloft.    The  vapor  rising  from  the  water  surface  is 
Warm,  has  in  fact  become  vapor  owing  to  being  in  more  energetic 
vibration  than  the  average  of  the  particles  of  water.    Moreover,  vapor 
is  lighter  than  air.    So  the  lowest  stratum  of  vaporous  air  near  the 
tropical  sea  becomes  lighter  than  the  air  above  it  for  three  reasons: 
First,  by  being  in  contact  with  the  warm  water  which  has  absorbed  the 
sun's  rays;  secondly,  by  being  mixed  with  vapor  which  is  lighter  than 
the  air  it  displaces,  and  thirdly,  by  this  vapor  coming  from  the  warmest 
or  most  strongly  vibrating  molecules  on  the  water  plane. 

The  force  of  gravitation,  it  should  be  observed,  is  often  of  very  little 
account  where  small  particles  such  as  these  molecules  of  water  are  to 
be  considered.  A  slight  charge  of  electricity  would  be  enormously 
more  powerful  in  directing  the  motion  of  a  single  molecule.    The  reason 


■The  proportion  of  water  to  land  is  abont  145,000,000  square  miles  to  52,000,000 
■qoaremilea. 
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of  this  is  that  gravitation  diminishes  regularly  with  the  size  of  par- 
ticles of  the  same  substance;  but  electricity,  siuce  it  resides  ou  the 
surfifice,  diminishes  at  a  much  slower  rate.  It  is  likely  that  electricity 
would  often  cooperate  with  heat  diflfereuces  in  driving  the  vapor  from 
the  surface  in  an  upward  direction.  Evaporation  is  increased  by  low 
barometric  pressure,  so  that  an  area  of  depression  to  some  degree  ou 
this  account  tends  to  maintain  itself. 

By  the  beautiful  law  of  the  diffusion  of  gases,  according  to  whieb 
each  gas  spreads  itself  through  a  space  as  if  that  space  were  a  vacnnm, 
subject  only  to  retardation  of  the  rate  of  diffusion  by  another  gas 
already  permeating  the  space,  vapor  diffuses  itself  through  air,  not 
with  great  rapidity,  but  so  as  to  produce  a  fairly  e<iuable  mixture  in 
the  same  locality.  The  molecules  of  vapor  have  to  encounter  thou- 
sands of  mole(*.uIes  of  air  in  every  inch  and  millions  in  every  second 
of  their  progress,  and  if  weather  depended  on  diffusion,  without  the 
bodily  transferences  of  large  quantities  of  air  horizontally  and  Terti- 
cally  owing  to  perpetually  changing  distributions  of  heat,  the  cODdi- 
tions  of  climate  would  be  extreme  and  intolerable. 

A  very  common  form  of  exchange  set  up  where  the  heat  and  mois- 
ture are  not  excessive  by  contrast  with  neighboring  masses  is  by  thin 
streams,  filaments,  or  spirals  of  lighter  vaporous  air  rising  into  the 
upper  region,  while  colder  filaments  descend  toward  the  earth  or  sea. 
This  movement  occurs  under  placid  conditions,  with  cloudless  sky,  and 
when  observed  in  temperate  climates  may  be  taken  as  a  sign  of  consid- 
erable stability  in  the  disposition  of  the  atmosphere. 

At  other  times,  also  commonly  in  fine  weather,  the  warmer,  lighter 
strata  below  break  during  the  daytime  into  the  upper  strata  by  means 
of  small  columns,  of  a  good  many  yards  in  diameter.  These  are  often 
capped  with  rounded  cumulus  clouds  where  they  attain  an  elevation 
and  refrigeration  beyond  their  dew  point. 

Occasionally,  but  rarely,  the  lower  air  breaks  suddenly  in  a  large 
torrential  eddy,  which  may  be  several  furlongs  in  diameter,  into  the 
upper  region.  The  disturbance  may  give  rise  to  a  cyclone,  whirlwind, 
or  tornado.  This  occurs  when  the  condition  is  abnormal,  the  lower 
strata  being  very  moist  and  warm  and  the  upper  relatively  cold  and 
dry,  and  when  from  some  cause,  such  as  the  prevalence  of  superposed 
winds,  the  interchange  of  differing  air  volumes  has  been  delayed.  The 
conflict  of  currents  from  different  directions  near  the  surface  may  then 
give  rise  to  an  eddy,  and  this  will  be  a  favorable  occasion  for  a  rush  of 
light  air,  as  through  a  chimney,  toward  the  high  level.  Air  flows  in 
from  all  sides,  but  can  not  easily  reach  the  center,  owing  to  the  earth's 
rotation,  the  onward  movement  of  the  whirl,  and  centrifugal  force.  In 
the  present  writer's  opinion,  a  cyclone  may  be  started  or  maintained 
by  the  strong  wind,  of  100  miles  an  hour  or  more,  which  often  blows  at 
a  great  elevation  in  the  tropics  and  neighboring  parts.  At  one  observ- 
atory in  the  United  States  a  velocity  of  180  miles  an  hour  has  been 
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registered.  The  effect  of  a  strong  horizontal  wind  on  a  "chimney"  of 
hot  vajwrous  air  would  be  to  increase  greatly  the  force  of  the  upward 
torrent,  as  has  been  proved  by  anemometric  experience  with  tall  chimney 
shafts  and  domestic  iires.  The  effect  of  the  violent  wind  is  exceedingly 
destructive,  especially  when  the  tornado  is  of  small  diameter.  Some 
towns  in  the  United  States  are  particularly  subject  to  these  storms, 
and,  as  they  generally  come  from  one  direction,  the  effect  of  building  a 
perpendicular  wall  of  200  or  300  feet  high  on  that  quarter  near  the  town, 
in  order  to  break  or  divert  its  course,  would  seem  worth  trying. 

Returning  to  the  more  normal  conditions  of  the  atmosphere,  we  may 
imagine  the  vapor,  whether  from  land  or  sea,  to  have  mixed  much  but 
not  uniformly  with  the  overlying  air.    The  differences  in  the  humidity 
of  different  masses  or  parcels  of  air,  and  the  viscosity,  friction,  or 
resistance  of  the  lower  strata,  where  the  pressure  is  15  pounds  to  the 
square  inch,  prevent  the  interaction  from  being  continuous  and  uni- 
form, and  consequently  the  ascending  currents  are  local  and  variable, 
but  when  once  fairly  started,  generally  persist  for  a  considerable  time, 
moving  all  the  while  with  the  prevailing  wind.     When   the  vapor 
streams  reach  a  certain  height,  they  begin  to  condense,  first  and  chiefly 
because  they  expand,  and  in  expanding  cool  themselves,  according  to 
the  laws  of  heat,  and,  secondly,  because  they  mix  with  cooler  strata. 
If  the  vapor  be  sui)posed  to  have  ascended  to  a  height  of  3,000  feet, 
the  pressure  upon  it  has  diminished  from  about  30  to  27  inches  of 
mercury,  or  by  about  one-tenth,  so  that  it  swells,  allowing  for  contrac- 
tion by  cold,  to  a  bulk  nearly  one-tenth  more  than  it  had  at  the  sea 
level.    This  is  sufficient  to  produce  a  large  diminution  of  temperature 
and  the  molecules  vibrate  so  much  less  rapidly  that  some  of  them  cease 
to  maintain  the  condition  of  vapor.    The  vapor  must  condense,  accord- 
ing to  recent  discoveries,  not  in  contact  with  mere  air,  but  upon  very 
minute  solid  particles,  motes,  or  dust,  which  may  consist  of  ultramicro- 
scopic  sand,  sea  salt,  or  other  material.    So  a  cloud  takes  form.    For 
each  amount  of  curvature  of  a  liquid  surface  there  is  a  definite  vapor 
pressure,  and  the  pressure  necessary  for  precipitation  is  greater  as  the 
surface  becomes  more  convex,  so  that  precipitation  takes  place  more 
easily  the  larger  the  water  globule  in  the  presence  of  vai>or.    And  so 
great  is  the  pressure  required  for  the  condensation  of  vapor  in  free  air 
that  condensation  can  not  take  place  except  upon  those  small  nuclei  of 
dust  which,  more  or  less,  are  present  throughout  the  lower  atmosphere. 
Solid  surfaces  exposed  to  gases  contract  a  film  of  gas  upon  their  sur- 
faces.   Now,  the  dust  of  the  air,  owing  to  its  minuteness,  presents  an 
enormous  surface,  and  is  moreover  largely  hygroscopic,  so  that  the 
tendency  to  gather  a  film  of  vapor  of  water  upon  its  surface  becomes 
very  important  and  effective.    Without  this  fine  dust  in  the  air  the 
world  would  hardly  be  tolerable  or  even  habitable  by  the  human  race. 
The  vapor  would  condense,  not  in  the  sky  and  in  the  form  of  clouds, 
but  on  the  earth,  on  mountains,  trees,  houses,  and  clothes,  so  that  the 
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sun's  rays  would  strike  down  upon  us  oppressed  with  an  air  cloudless 
and  saturated,  and  all  objects  would  be  perpetually  streaming  with 
moisture.  An  approach  to  such  a  state  of  things  sometimes  actnallj 
occurs  on  high  mountains  when  the  air  is  saturated  and  at  the  same 
time  remarkably  free  from  dust. 

Clouds  are  often  caused  and  maintained  by  mixture  of  winds  or  ear- 
rents  at  different  temperatures,  the  colder  current  reducing  the  tem- 
perature of  the  other  below  the  dew  point.  Such  clouds  may  be  very 
wide  in  extent,  but  are  not  often  dense,  except  in  sudden  and  violent 
disturbances. 

Radiation  from  a  stratum  of  highly  yax>orous  air  may  produce  a 
cloud,  and,  when  once  formed,  every  cloud  which  has  a  clear  sky  above 
it  radiates  strongly  and  tends  to  maintain  its  existence  by  the  conse- 
quent deposition  of  vapor  ux>on  its  particles  which  it  induces.  The 
intensity  of  radiation  into  space  depends  largely  on  the  dryness  of  the 
air  above;  and  since  dryness  increases  rapidly  with  height,  the  radia- 
tion from  a  high  cloud  is  much  more  rapid  than  from  a  low  one.  Other- 
wise high  clouds  would  dissolve  much  faster  than  they  do  in  the  rather 
dry  air  about  them.  If  the  heat  of  the  sun's  rays  falling  upon  a  cload 
exceeds  the  loss  by  radiation,  the  cloud  diminishes  in  bulk  and  density. 
Thus  a  fog  frequently  dissipates  toward  the  middle  of  the  day.  Bat 
the  farther  the  fog  or  cloud  lies  from  the  surface  of  the  earth,  the  less 
is  the  heating  effect  of  the  sun,  for  loss  by  radiation  proceeds  faster 
and  is  not  compensated  by  terrestrial  warmth. 

Sometimes,  but  rarely,  cumulus  clouds  may  be  seen  to  precipitate 
fine  rain  suddenly,  about  sunset,  owing  to  the  sudden,  uncompensated 
loss  of  heat  by  radiation.  The  appearance  may  be  compared  to  a  veil 
suddenly  let  fall  which  does  not  reach  the  ground.  An  example  of  this 
phenomenon  occurred  in  the  south  of  England  on  April  13,  1894. 

The  edges  of  clouds  are  always  changing,  and,  in  fact,  a  cloud  is  in 
constant  process  of  formation  and  solution.  Sometimes,  especially 
in  fine  weather,  or  with  a  strong  wind,  the  edges  are  hard,  rounded, 
and  well  marked.  This  may  be  owing  to  a  property  which  has  recently 
been  discovered  to  belong  to  aggregations  of  very  small  drops  when 
moderately  or  slightly  electrified — they  attract  one  another.  The  higher 
regions  of  the  air  are  strongly  electric,  especially  in  stormy  weather, 
and  the  particles  are  held  in  proximity  by  mutual  attraction  and  by  the 
attraction  of  the  mass  of  cloud. 

Fog  and  clouds  of  a  stratiform  character,  and  cumulus  clouds,  and 
cirrus  may  commonly  exist  without  rain,  and  in  most  countries  there  are 
many  days  in  the  year  wholly  overcast  but  rainless.  This  happens  most 
often  in  quiet  and  uniform  conditions  of  weather.  There  is  no  strong 
disturbance  in  the  upper  air;  horizontal  currents  of  somewhat  differing 
temperature  give  rise  to  a  stratum  of  cloud  about  their  borders,  and 
this  soon  evaporates  when  carried  into  the  drier  air  above  or  faUing 
into  the  warmer  air  below.     Cumulus  may  often  be  seen  to  sink  and 
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iranish  at  sunset,  and  stratiform  cloud  by  itself  is  commonly  the  expres- 
sion of  moderate  condensation  under  quiet  conditions  insufficient  to 
precipitate  vapor  rapidly. 

A  cloud  layer  may  continue  for  some  days  with  strong  wind,  being 
caused  by  (1)  a  gradual  ascending  movement  of  the  lower  air  so  as  to 
precipitate  a  small  quantity  of  vapor  continuously  by  expansion;  (2) 
by  contact  of  the  upper  surface  of  the  lower  current  with  a  colder  cur- 
rant at  a  higher  level;  (3)  by  radiation  from  a  rather  moist  stratum 
through  dry  upper  air;  or  (4)  by  a  warm,  moist  wind  arriving,  after  a 
long  passage,  in  cooler  latitudes,  and  gradually  becoming  cooler  by 
radiation  and  mixture. 

In  showery  weather  cumulus  clouds  are  very  often  seen  to  consist 
of  two  or  more  masses  at  levels  wide  apart,  and  the  upper  mass, 
which  is  harder  and  firmer-looking  than  the  lower,  seems  to  move 
much  leas  fast.  Such  clouds,  even  though  heavy-looking,  may  pass 
over  without  rain,  and  it  is  generally,  only  by  the  appearance  of  rain 
in  the  air  and  landscape  under  them  that  they  may  be  distinguished 
as  actually  shower-laden.  Bain  is,  however,  far  more  probable  in 
these  cases  when  the  clouds  are  in  tiers  or  separate  layers;  indeed,  a 
single  cumulus  mass,  simple  and  uncillified,  seldom  precipitates  at  all. 

What,  then,  are  the  causes  of  rain ;  and  why  does  it  fall  from  some 
clouds  more  than  from  others? 

The  simplest  and  a  very  common  cause  of  rain  is  the  sudden  eleva- 
tion of  moist  air  to  a  higher  level,  with  the  consequent  chill  by  expan- 
sion. Standing  on  a  mountain  between  the  west  and  east  ends  of  a 
loch  in  Perthshire,  when  a  west  wind  is  blowing,  one  may  see  showers 
frequently  falling  among  the  mountains  westward,  and  failing  to  reach 
the  flatter  ground  toward  the  east.  The  wind,  even  before  it  reaches 
the  mountains,  is  tilted  upward  by  the  pressure  of  air  in  front  of  it,  is 
consequently  cooled,  and  precipitates  moisture  upon  their  western  slopes. 
When  the  air  descends  in  a  drier  and  warmer  condition  toward  the 
lower  ground,  the  clouds  quickly  dissolve  and  thin  out.  The  cloud- 
forming  and  the  shower-forming  effect  is  in  general  roughly  propor-  ^ 
tional,  between  certain  limits,  to  the  height  and  steepness  of  the 
mountains.  The  great  cliff  called  Slieve  League,  on  the  coast  of 
Donegal,  and  the  cliffs  of  Hoy,  in  the  Orkneys,  both  about  1,800  to 
2,000  feet  high,  cause  clouds  to  be  thickly  formed  sometimes  fully  half 
a  mile  to  windward.  Whether  rain  falls,  and  how  heavily,  depends 
chieflv  on  the  moisture  of  the  air  and  the  coldness  of  the  stratum  into 
which  it  is  forced. 

A  similar  but  little  recognized  effect  is  caused  by  opposing  masm^s 
of  air.  Thus,  let  a  moist  warm  southwest  wind  m<^t  a  cold  northeast 
wind;  the  southwest  wind  is  forced  upward,  especially  over  certain 
localities,  and  flows  over  the  northeast  wind,  expanding  very  largely 
and  rapidly  and  precipitating  moisture  heavily.  The  production  of 
heavy  thunderstorms  may  be  fully  accounted  for  by  the  local  eddies 
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and  conflicts  between  opposing  winds,  which  occur  in  saminer  when 
the  moist  warm  air-mass  is  lifted  to  great  heights. 

Generally,  we  may  state  the  formation  and  amount  of  rain  to  be 
dependent  on  the  following  conditions : 

(1)  The  height  to  which  the  lower  air  is  forced  upward. 

(2)  The  amount  of  vapor  in  the  lower  and  upper  air,  respectively. 

(3)  The  relative  coldness  of  the  stratum  into  which  the  lower  air  is 
projected. 

(4)  The  freedom  from  vapor  strata  and  from  cloud  of  the  upper  air, 
allowing  free  radiation  from  the  rain  cloud. 

(5)  The  electrical  condition  of  the  air  and  cloud. 
Where  mountains  are  high,  the  air  warm  and  moist  and  blowing 

toward  steep  slopes,  very  heavy  rain  falls  either  continuously  at  certain 
seasons,  or  in  thunderstorms,  according  to  the  character  of  the  winds, 
the  heat  of  the  sun  on  the  earth,  and  to  a  less  degree  the  temperature 
of  the  npper  air. 

The  ranges  of  hills  south  of  the  Himalayas,  the  Himalayas  them- 
selves, the  mountains  of  eastern  South  Africa,  and  the  Andes  give 
examples  of  such  effects.  High  mountains  have  the  power  of  precipi- 
tating as  rain  or  snow  even  the  rather  small  quantity  of  vapor  which  has 
passed  over  a  continent,  and  thus  the  central  areas  of  countries  remote 
from  the  sea  are  provided  with  perennial  fountains  which  flow  dovn 
from  the  high  ground  and  pass  through  the  land  as  fertilizing  rivers. 

Another  cause  of  rain  is  the  radiation  into  space  of  the  heat  of  vajwr 
and  of  water  particles  at  a  height.  Eeceut  discoveries  have  revealed 
the  fact  that  vapor  does  not  condense  into  cloud  globules  in  ordiuary 
conditions  without  the  presence  of  a  very  line  dust  which  floats  in  the 
atmosphere.  When  this  dust  radiates  freely  and  moisture  is  dejiosited 
upon  it,  and  when  a  cloud  is  formed,  the  upper  surface  of  the  cloud 
parts  with  more  heat  than  the  surrounding  air,  and  the  cloud  globules 
grow  in  size  by  contact  with  vapor. 

Now,  throughout  the  process  of  increase  in  size,  electricity  is  accu- 
mulated more  and  more  densely  on  their  surfaces,  for  the  electricity  of 
each  molecule  or  particle  resides  on  its  surface,  and  the  relative  surface 
of  a  globule  diminishes  as  the  size  of  the  globule  increases.  If  the  oou- 
densation  be  rapid,  the  particles  formed  are  very  unequal  in  siae. 
Since  surfaces  only  increase  at  half  the  rate  of  bulk,  electricity  is 
much  denser  on*  the  large  drop.  Now,  it  has  been  found  by  experiment 
that  large  drops  attract  small  ones  when  similarly  electrified,  and  each 
addition  further  increases  the  attractive  power  of  the  drop.  The  large 
drops  fall  through  a  cloud  at  a  much  greater  rate  than  the  small  par- 
ticles and  collide  with  many  more  droplets  in  the  same  time.  In  the 
course  of  a  fall  of  10,000  or  15,000  feet  through  cloud,  the  drops  may 
greatly  increase  in  size. 

The  sizes  of  drops  vary  from  0.0033  inch  to  about  O.I  inch.  An 
ascending  current  of  3  miles  an  hour  would  sustain  small  drojis; 
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Bly  a  very  strong  upward  wind  would  sustain  the  largest.  A  liail- 
toiie  of  2.58  inches  in  diameter  would  be  kept  at  a  height  of  about 
5,000  feet  by  an  upward  blast  of  hurricane  force,  100  miles  an  hour. 
Drops  can  never  rejich  the  size  of  a  hailstone,  for  the  resistance  of  the 
Mr  has  the  effect  of  breaking  them  up.  The  smallest  drops  would  t^ke 
ibont  six  hours  and  forty  minutes  in  falling  from  a  cloud  10,000  feet 
ligh,  but  we  know  that  this  scarcely  ever,  if  ever,  happens.  In  reality 
fche  smallest  drops  falling  on  the  earth  are  nearly  always  derived  from 
1  slight  elevation  and  very  small  drops  falling  from  a  great  height 
would,  except  in  an  extraordinarily  saturated  state  of  the  air,  evapo- 
rate in  their  course.  Ordinary  small  raindrops  take  about  six  minutes 
or  Boinewhat  less  in  falling  through  10,000  feet. 

Baiiidrops  are  perfectly  globular  in  form.  This  we  know  in  two  ways — 
first,  from  the  rainbow,  which  can  only  arise  from  the  regular  disper- 
sion of  white  light  by  transparent  globules;  and,  secondly,  by  means 
of  instantaneous  photographs.  The  sphere  is  the  figure  of  smallest 
volume  which  can  be  assumed,  and  consequently  we  find  that  free 
liquids  under  the  influence  of  cohesion,  surface  tension,  or  gravitation, 
are  always  spherical. 

Since  a  raindrop  is  an  aggregation  of  cloud  particles  it  contains  a 
nnmher  of  solid  particles  or  invisible  motes,  and  generally  a  very  small 
quantity  of  sea  salt.  Besides  this  "  dust"  it  attaches  to  itself  soluble 
gases  contained  in  the  air,  the  result  chiefly  of  animal  life,  of  decom- 
position of  organic  matter,  and  of  manufacturing  processes.  Thns, 
ammonia,  nitric  acid,  hydrochloric  acid,  sulphurous  acid,  and  a  little 
air  and  carbonic  acid,  are  found  in  rainwater.  Brandes  found  an  aver- 
age of  20  kilograms  of  residue  in  every  million  of  rain  evaporated, 
tte  amount  being  greatest  in  January  (65)  and  least  in  May  (8).  The 
^sidaal  substances  were  chlorine,  sulphuric  acid,  soda,  potash,  mag- 
lesia,  ammonia  salts,  organic  matter,  lime,  carbon  dioxide,  oxide  of  iron, 
rjd  oxide  of  manganese.  The  solid  matter  amounts  in  France  to  about 
17J  to  156  kilograms  per  hectare.  The  importance  of  these  minute 
aces  of  gases  and  other  substances  in  rain  is  enormous,  especially  in 
lation  to  the  nutrition  of  plants  and  the  disintegration  of  rocks.  But 
»  less  important  to  mankind  is  the  function  of  rain  in  clearing  the 
mospbere  of  these  ingredients.  Clouds  and  rain  are  at  the  same  time 
irifiers,  filterers,  and  nourishers.  In  the  words  of  the  ancient  declara- 
)n,  "the  clouds  drop  fatness,"  and  "the  water  returns  not  void." 
le  upper  layers  of  earth  have  a  remarkable  power  of  purifying  water, 
that  what  is  useful  to  vegetation  is  retained  near  the  surface  and 
e  purified  water  passes  down  into  deeper  ground,  where  it  may  be 
'awn  from  wells  or  emerge  in  springs.  The  process,  first  of  wash- 
g  the  atmosphere  and  then  of  self- purification,  is  so  com))lete  that 
lOugh  the  mold  swarms  with  organic  life  the  water  wliich  has  passed 
trough  this  upper  earth  may  be  described  as  practically  pure  and  free 
om  organisms. 
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Kot  only  is  the  raindrop  a  composition  of  solids,  liquids,  and  ga^ 
bnt  it  is  of  unequal  consistency  if  the  inner  be  compared,  with  the  outer 
part.    Every  drop  surrounded  by  air  is  compressed  into  the  spherical 
shape  by  an  outer  film  of  water  which  partakes  of  the  character  of  an 
elastic  skin.    In  the  free  air  cloud  globules  and  small  raiu  can  not  easily 
coalesce  on  account  of  this  elastic  film  enveloping  them.    They  may 
impinge  against  each  other,  but  unless  the  concussion  be  forcible  they 
rebound.    Similarly  the  drops  falling  from  a  fountain  may  be  seeo  to 
run  along  the  surface  of  the  water  like  pearls  before  they  unite  with  it 
So  also  small  drops  of  water  falling  from  an  artificial  jet  rebound  and 
do  not  unite  on  collision.    But  let  a  stick  of  sealing  wax  be  rubbed  on 
flannel  and  held  at  a  distance  of  several  feet  from  the  thickly  falling 
drops;  they  at  once  cease  to  rebound,  they  unite  into  large  drops, or 
else  the  jet  keeps  falling  as  a  continuous  stream  and  does  not  separate 
into  drops  as  before.    Again,  let  the  drops  be  strongly  electrified,  they 
do  not  unite  but  repel  each  other. 

Large  drops  attract  small  drops  similarly  electrified,  and  drops 
unequally  electrified  attract  each  other.    The  weak  charge  of  simikr 
electricity,  which  causes  the  globules  to  approach  each  other  forcibly, 
is  sufficient  to  break  the  enveloping  film,  but  a  stronger  charge  pro- 
duces repulsion  of  the  drops.    In  these  observed  facts  we  have  what 
seems  a  very  satisfactory  explanation  of  some  of  the  phenomena  of 
thunderstorms;  for  example,  the  sudden  heavy  downpour  and  sodden 
cessation,  and  the  apparent  efiect  of  flashes  of  lightning  on  the  rain  or 
hail.    Finely  divided  water  exhibits  another  property  which  is  of  great 
importance  in  the  formation  of  rain,  hail,  and  snow.    Down  to  a  very 
low  temperature,  10°  to  20^  or  more  below  the  freezing  point,  aex^oniing 
to  the  size  of  the  particles,  it  resists  congelation.    This  property  is  of 
immense  effect  throughout  nature,  and  the  life  of  plant  and  animals  to 
a  great  extent  depends  upon  it.    When  globules  of  water  below  the 
freezing  point  are  touched  by  a  frozen  drop  or  by  a  snowfiake  they  are 
instantly  frozen,    A  crystal  of  ice  is  the  most  powerful  of  all  sub- 
stances in  congealing  water  below  the  freezing  point.    Very  many  falls 
of  rain,  hail,  and  snow  are  due  to  this  cause.    The  minute  crystal  as  it 
descends  through  dense  cloud  gathers  particles  on  its  way  until  it  has 
grown  to  be  a  large  snowflake;  and  whenever  the  lower  air  is  warm 
enough,  snowflakes  thus  formed  melt  and  fall  as  rain.    Kain  is  roach 
more  often  than  we  suppose  melted  snow.    The  minute  flakes  which 
would  melt  and  evaporate  if  they  did  not*  meet  with  the  water  cload, 
grow  rapidly  in  the  cloud,  which  would  of  itself  be  incompetent  to 
precipitate. 

When  a  flake  of  snow  or  kernel  of  ice  falls  through  dense  cloud,  such 
as  the  towering  cumulus  which  stacks  itself  to  a  great  elevation  in  a 
thunderstorm,  it  electrically  attracts  the  particles  of  unfrozen  water, 
below  the  freezing  point,  through  which  it  passes,  and  every  particle 
attached  and  instantly  frozen  adds  to  the  electric  charge,  so  that  more 


re,  about  10,000,000  droplets,  by  mere  impact.  Some  hailstones 
result  from  the  attraction  of  small  spicules  of  ice  and  particles  of  I 

r  alternately  as  the  nucleus  passes  through  dififerent  strata,  and 
)  show  concentric  bands  alternately  opaque  and  clear.    Similar  ■ 

s  may  be  formed  by  the  passage  of  the  hailstone  through  alternate 
»s  of  thick  cloud  and  of  clear,  unclouded,  but  saturated  air.  The 
t  heat  brought  into  the  sensible  condition  by  condensation  and 
elation  has  been  supposed  to  make  such  an  accumulation  in  clear, 
-ated  air  impossible,  but  actual  observation  indicates  that  the  rapid 
ige  of  the  hailstone  through  very  cold  air  si>eedily  and  continuously 
pates  the  heat  thus  set  free.  The  appearance  of  spaces  between 
^ssive  tiers  of  dense  cumulus  cloud  and  the  almost  invariably 
ssive  display  of  electric  phenomena  are  characteristic  of  great 
torms.  It  is  very  probable  that  between  the  dense  clouds  lie 
es  of  saturated,  or  even  supersaturated,  almost  dust-free  air.  A 
hailstone  falling  through  these  would  accumulate  ice  in  clear, 
nate  zones  surrounding  the  nucleus.  Large  hailstones  are  gen- 
y  spheroidal,  small  ones  conical,  with  icy  bases  and  a  softer  apex, 
large  hailstones  are  probably  more  dependent  on  electric  attrac- 
and  the  small  on  the  impact  of  descent,  for  their  form  and  icy 
mulations. 

a  thunderstorm  or  dhower,  the  lower  clouds  are  generally  nega- 
Y  and  the  upper  positively  electrified.  Before  a  hailstorm  clouds 
eat  significance  may  be  observed,  which  may  be  described  as  tur- 
[  cumulus  or  cumulostratus.  They  are  quite  distinctive  of  hail- 
a  weather,  though  of  course  the  hailstorm  may  not  occur  in  the 
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different  forms  which  are  only  obscurely  understood.  There  seems  to 
be  a  stage  between  the  gaseous  and  the  misty  in  which  vapor  is 
condensed  into  very  minute  transparent  motes  or  into  a  condition 
corresponding  to  the  critical  state,  the  viscous  interval,  observed  by 
Andrews  in  carbon  dioxide  uuder  great  pressure.  Just  above  this 
critical  point  this  gas  behaved  to  some  degree  like  its  vapor  and  liquid 
below  it  with  regard  to  pressure.  The  behavior  of  water  vapor  und« 
varying  pressure  and  when  near  saturation  at  different  teiuperatnm 
would  be  an  interesting  though  difficult  subject  for  research.  Diy 
vapor  is  regarded  by  some  experimental  observers  as  diathermanous, 
like  air;  yet  we  certainly  And  that  what  seems  to  be  invisible  tiims- 
parent  vapor  does  largely  arrest  radiation  from  the  earth.  Therefore, 
it  would  seem  much  of  the  vapor  of  the  air,  when  near  saturation,  most 
be  in  a  condition  bordering  on  mist  or  finely  divided  water.  Only 
beyond  a  certain  size,  maybe,  or  when  dust  is  thick,  do  the  particles 
become  large  enough  to  give  the  effect  of  haze.  It  often  happens  tbat 
a  thermometer  freely  exposed  to  the  sky  on  a  fine  night  suddenly  ceases 
to  fall,  and  rises  several  degrees  without  any  apparent  clondiuessor 
diminution  of  the  luster  of  the  stars,  but  this  rise,  in  the  present  writer's 
experience,  is  a  good  indication  of  approaching  rain  after  dry  weatber. 
Whether  the  screen  in  the  upper  air  which  reflects  the  radiation  from 
the  earth  be  a  thin  cloud  or  else  vapor  in  a  state  of  inchoate  condensa- 
tion, has  not  yet  been  ascertained. 

Haze,  fogs,  and  clouds  are  caused  by  the  tendency  of  vaiwr  to  con 
dense  upon  solid  particles  below  a  certain  temperature.  A  change  of 
state  from  vapor  to  liquid  or  liquid  to  solid  occurs  much  earlier  in  the 
presence  of  "free  surfaces'*  of  other  bodies  than  where  these  are  absent 
Saturated  air,  as  we  call  it,  can  hold  no  more  vapor  in  ordinary  condi- 
tions, but  apart  irom  solids  and  dust  particles  it  could  contain  much 
more  vapor  without  precipitation.  Similarly,  if  water  could  be  heated 
by  itself  apart  from  solids  and  contained  gases,  it  would  rise  high 
above  the  boiling  point  without  boiling,  and  would  eventually  explode; 
so  also  the  droplets  of  a  cloud  do  not  freeze,  though  many  degrees 
below  the  freezing  point,  until  they  touch  a  solid  object.  Dust  in  the 
air  ofi'ers  the  free  surface  which  is  required  for  condensation.  Differ- 
ent kinds  of  dust  differ  greatly  in  the  power  of  compelling  deposition. 
Sulxihur,  magnesia,  and  common  salt  are,  in  the  laboratory,  at  any  rate, 
powerful  fog  producers.  In  the  open  air  sulphur  seems  to  have  httle 
appreciable  effect;  but  salt,  which  is  hygroscopic,  or  damp-attracting, 
and  pervades  the  atmosphere,  plays  an  important  part.  Smoke,  again, 
or  finely  divided  tarry  matter,  greatly  favors  fog  formation,  owing, 
probably,  to  its  strong  radiative  capacity  and  to  its  coating  the  water 
globules  so  as  to  prevent  evaporation. 

Suppose  the  motes  of  dust  or  salt  in  heterogeneous  air  to  be  radiate 
iug  freely,  and  therefore  to  be  colder  than  the  air,  and  suppose  each  of 
them  to  be  frequently  brought  in  contact  with  filaments  of  air  and 


ure  is  at  first  invisible,  then  bluish  and  semitransparent,  like  haze, 
opaque  and  white,  like  cloud.  The  influences  which  cause  haze 
[»in  the  vapor  in  the  second  stage;  it  passes  perpetually  from 
lular  invisibility  to  the  verge  of  particulate  visibility  and  back  to 
bility  by  swift  evax)oration.  Clouds,  on  the  contrary,  result  from 
\g  in  large  masses,  as  by  ascent,  and  the  humidity  is  too  great  to 
it  so  rapid  a  return  to  the  condition  of  vapor  within  their  borders. 
a  they  evajwrate  they  become  invisible  at  the  edge  without  per- 
bly  passing  through  the  stage  of  haze. 

ly  the  process  of  change  of  size  of  the  particles  differs  so  much 
ferent  states  of  weather  is  by  no  means  clear. 
.ze  has  long  been  a  meteorological  problem.  If  it  be  vapor,  why 
it  so  frequently  occur  in  the  driest  weather!  If  it  be  dust, 
should  dust  continue  to  affect  the  atmosphere  in  such  excessive 
titles  during  particular  periods,  often  in  calm  weather,  and  with  a 
e  wind  from  uninhabited  areas,  either  sea  or  land!  The  moistest 
s  are  generally  the  clearest,  the  driest  are  the  haziest.'  More- 
there  is  a  thick  haze  which  sometimes  persists  for  many  days  in 
g  or  summer  in  England,  and  neither  increases  nor  diminishes  per- 
bly  during  the  night,  when  radiation  is  active.  In  such  weather 
ir  is  dry,  and  the  wind,  if  any,  commonly  a  light  air  from  between 
and  north.  Since  neither  the  sun's  heat  nor  the  nocturnal  cold 
:s  it,  we  must  ascribe  it  to  one  of  two  things — the  presence  of  a 
quantity  of  dry  dust  in  an  unusual  state,  or  the  development  of 
r  condensation  in  some  unusual  way,  so  as  to  depend  little  on  the 
-al  temperature.    On  the  top  of  Snowdon,  3,300  feet,  the  present 
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there  is  both  more  haze  and  more  dust  than  when  it  blows  from  the  sea 
or  from  uninhabited  country,  and  in  Switzerland  a  thick  veil  of  hate 
seemed  to  hang  in  the  air  between  the  observer  and  the  mouDtains 
on  all  days  when  the  number  of  particles  was  great,  and  it  becam« 
very  faint  when  the  number  was  small.    When  the  wind  blew  from 
the  plains  the  air  was  thick;  when  from  the  Alps,  clear.     Similarly,  at 
Ben  Kevis,  on  the  northwest  coast  of  Scotland,  a  northwest  wind  was 
clearest,  a  southeast  wind  haziest,  and  the  dust  particles  were  gen- 
erally more  numerous  according  to  the  amount  of  haze.     "  Of  'purify 
ing  areas'  the  Mediterranean  gave  for  lowest  values  891,  the  Alps  381, 
the  Highlands  141,  and  the  Atlantic  72  particles  per  cubic  centimeter. 
Dampness  of  the  air  was  found  to  increase  the  effect  of  dust,  so  that 
nearly  double  the  number  of  particles  are  required  to  ])roduce  the  same 
amount  of  haze  when  it  is  dry  than  when  it  is  dampish.'-     When  the 
depression  of  the  wet-bulb  thermometer  below  the  dry  bulb  was  2°  or 
more  the  transparency  was  roughly  proportional  to   the  wet  bolb 
depression;  that  is,  to  the  dryness  of  the  air.     ^* The  nearness  of  the 
vapor  to  the  dew-point  seems  to  enable  the  dust  particles  to  condense 
more  vapor  by  surface  attraction  and  otherwise,  and  thus  by  becoming 
larger  they  have  a  greater  hazing  effect."    The  number  of  dust  parti- 
cles in  square  centimeter  lengths  of  10  to  250  miles  required  to  pro- 
duce complete  haze  in  air  giving  different  wet-bulb  depressions  \raA 
calculated  to  be  as  follows : 


Wet-bnlb 
depresaion. 

Number  of  parti- 
olee  to  produce 
complete  base. 

Degrjk. 
2tr4 

4to   7 

7  to  10 

12,500,000.000 
17,100,000,000 
22, 600, 000, 000 

Since  more  particles  are  required  to  produce  haze  in  dry  than  in 
damp  weather,  it  becomes  the  more  remarkable  that  thick  haze  is  so 
common  in  dry  weather  and  generally  absent  in  a  moist  atmosphere. 

The  observations  of  the  present  writer  for  many  years  have  shown 
that  haze  is  most  apt  to  occur  when  there  is  infiltration  or  mixture  of 
differing  air  currents,  and  indeed  that  it  generally  ex])resses  the  juxta- 
position and  mixture  of  winds.  A  steady  wind  extending  to  the 
upper  clouds  is  very  seldom  hazy,  and,  on  the  other  hand,  haziness  may 
be  taken  as  a  sign  of  the  existence  of  another  wind  above  that  pre- 
vailing near  the  ground,  or  of  variable  currents.  So  much  is  this  the 
ease  that  in  southern  England  a  hazy  or  misty  east  wind  signifies  gen- 
erally a  rather  short  period  of  its  prevalence,  but  a  clear  east  wind 
means  continuance.  Of  course  care  must  be  taken  to  be  situated  on 
the  windward  side  of  thickly  inhabited  districts  in  making  such  fore- 
casts.   It  seems,  therefore,  that  when  haze  is  not  due  to  a  large  amount 
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ust,  it  must  arise  from  some  effect  of  the  mixture  of  different  cur- 
8.  A  wind  from  the  Atlantic  on  the  west  coast  of  Great  Britain 
irally  has  a  west  wind  above  it,  and  is  fairly  homogeneous,  but 
ast  wind  generally  has  to  encounter  and  drive  back  a  westerly  or 
herly  wind,  and  has  an  opposing  current  within  3  to  7  miles  above. 
re  must  in  these  cases  be  a  great  deal  of  mixture  of  portions  of  air 
ifferent  humidity,  temperature,  and  electrical  tension.  The  contig- 
i  parcels  of  air  produce  at  a  number  of  points  momentary  deposi- 
of  vapor  on  dust  particles,  and  the  resulting  effect  is  haze.    The 

point  is  attained  in  the  molecular  environment  by  momentary 
a.ct  of  cold,  dry,  dust-bearing  with  moist,  warmer,  less  dusty  air. 

is  well  to  bear  in  mind  the  large  extent  and  small  depth  of  tlie 
le  of  the  lower  region  of  winds.  Currents  of  air,  say  within  25,000 
of  the  surface,  extended  over  a  territory  400  miles  square,  would 
epresented  by  a  layer  of  water  an  inch  deep  in  a  basin  80  inches 
ire. 

a  the  east  coast  of  Scotland  an  east  wind  often  brings  a  thick  haze 
;h  may  last  two  or  three  days,  and  is  followed  by  rainy  weather. 
a  much  less  thick  blue  haze  prevails  during  fine  weather,  with  light 
variable  easterly  breezes,  both  in  Scotland  and  England.  The 
nty  of  the  haze  in  these  conditions  depends  less  on  the  number 
ust  particles  thau  on  the  mixture  of  differing  currents  and  on  the 
iture  and  warmth  of  the  one  current,  the  coldness  and  moisture  of 
other.  There  is  no  reason  for  supx30sing  that  a  wind  blowing  from 
polar  regions  and  over  the  breadth  of  the  North  Sea  is  heavily 
ged  with  dust,  yet  the  haziness  is  as  great  looking  seaward  as  over 
land  of  Berwickshire  or  Fife. 

le  clear  air  of  continental  climates,  such  as  the  European  and  North 
irican,  is  partially  explained  by  the  moderate  amount  of  dust,  the 
M^oencyof  a  condition  approaching  saturation  in  the  lower  air,  and 
akbseuce  generally  of  local  winds  such  as  are  produced  by  a  varied 
ribution  of  land  and  sea.  Haze  is  very  often  the  result  of  the  pas- 
^  of  air  over  water  of  a  lower  temperature,  and  the  difference  of 
temx>eratures  may  decide  whether  the  obfuscation  shall  be  haze, 
mist,  or  fine  rain.  No  amount  of  dust  is  in  general  competent  in 
■y,  uniform  air  to  produce  apppreciable  haze  beyond  what  is  due 
ts  own  particles.  Thus  in  Colorado  there  is  often  a  great  deal  of 
:  in  the  air,  but  the  air  is  clearer  at  such  times  than  it  commonly  is 
Ingland;  in  the  Punjaub  dust  winds  obscure  the  air  for  a  long  dis- 
je;  in  the  Sahara  Desert  there  is  often  thick  dust,  but  the  hazing  is 
great  except  with  strong  wind;  when,  however,  this  dust  is  blown 
)ut  over  the  Atlantic,  the  haze  becomes  very  considerable,  and  is  a 
mon  phenomenon  about  the  Cape  de  Verde  Islands.  Towns,  again, 
t  as  Paris  and  Pittsburg,  which  produce  a  great  deal  of  dust,  by 
test  of  the  dust  counter,  are  not  affected  by  haze  in  clear,  dry 
iher,  and  even  London,  in  some  states  of  the  air  and  very  often  at 
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niglit,  ia  only  covered  by  a  barely  perceptible  ligbt  baze.  But  coal 
smoke,  commonly  bas  tbe  effect  of  causing  a  very  persistent  haze^aod 
tbis,  in  tbe  case  of  London,  spreads  conspicaously  witb  tbe  wind  to 
places  distant  100  miles  or  more.  Coal  smoke,  we  must  remember,  is 
accompanied  by  a  good  deal  of  water  vapor  and  sulpburous  acid.  Gas 
and  wood,  wben  burned  in  large  towns,  produce  no  fog  and  very  little 
baze,  tbougb  tbe  dust  counter  migbt  sbow  as  many  particles  as  where 
coal  is  burned.  Dust  in  general  may  tberefore  be  acquitted  of  taking 
an  important  part  in  producing  any  but  a  ligbt,  tbin  baze,  except  wliere 
tbere  is  a  mixture  of  currents  at  different  temperatures,  and  then  some 
baze  would  in  most  instances  be  produced  in  any  case  by  tbe  normal 
average  amount  of  very  fine  dust  wbicb  exists  everywhere  in  tbe  atmos 
pbere.  In  clear,  bomogeneous  air,  even  near  saturation,  mucb  dust  or 
smoke  may  be  added  to  tbe  air  witbout  causing  baze;  in  dry, b«azyair 
mucb  dust  may  be  added  witbout  much  intensifying  tbe  baze.  In  c<r 
tain  conditions  of  wind  and  weather  mucb  baze  may  exist  witbontao 
abnormal  quantity  of  dust,  and,  except  on  rare  occasions,  there  is 
always  enough  dust,  maybe  of  almost  molecular  dimensions,  in  the 
lower  strata  of  tbe  air  to  admit  of  precipitation  of  moislture  where  eon 
ditions  are  otherwise  favorable.*  A  great  deal  of  this  dust  probably 
consists  of  chloride  of  sodium,  or  sea  salt. 

Tbe  following  instances  may  serve  to  sbow  bow  haze  and  clond  are 
successively  formed  by  a  conflict  of  differing  currents  of  air.    St.  Fil 
lans  Hill  is  a  small,  steep,  isolated,  conical  bill  about  300  feet  in  beigbt 
standing  in  the  middle  of  tbe  valley  of  tbe  upper  Earn,  in  Perthshire, 
about  2  miles  from  tlie  lower  end  of  Loch  Earn,  and  flanked  by  moun- 
tains about  2,000  feet  high  on  eacb  side  of  tbe  valley.    The  author  was 
on  tbe  summit  about  5  o'clock  one  evening  in  August,^  wben  tbe  breeze, 
wbicb  bad  been  blowing  freshly  from  tbe  west,  with  a  clear  air,  sud- 
denly began  to  slacken,  and  in  about  five  minutes  dropped  altogether. 
Then  down  the  valley,  eastward,  a  blue  baze  began  swiftly  to  climb  the 
glens  tributary  to  Stratbearn,  and  tbe  whole  air  eastward  grew  obscure. 
Tbe  calm  only  lasted  a  little  more  than  two  minutes,  and  then  suddenly 
a  strong  wind  from  tbe  east  set  in,  and  soon  tbe  air  westward  as  veil 
as  eastward  bad  turned  thick.    Tbe  east  wind  continued,  and  in  a  few 
minutes  tbe  tops  of  tbe  bills  rising  precipitously  from  Stratbearn  to  a 
beigbt  of  about  2,000  feet  were  obscured  with  cloud  banners  which 
grew  continuously,  and  descended  till  in  about  two  hours  not  only  the 
bills  above  alevel  of  about  1,000  feet,  but  tbe  whole  sky,  was  covered  with 
gray  clouds.    Tbe  duration  of  tbe  neutral  calm  corresponded  witb  the 
time  usually  occupied,  according  to  my  observations  in  tbe  neighbor 
hood  of  London,  by  a  moderate  east  wind  in  driving  back  the  opposing: 
current.    At  Kichmond,  and  between  Eichmond  and  London,  such  a 

1  These  observations  are  derived  from  many  years'  atteutiou  to  the  conditions  of 
prevalence  of  haze  and  fog  in  and  near  Loudon. 
^About  1877  or  1878. 
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I 
FOG. 


I  the  result  of  one  or  both  of  two  principal  eanses.  The  first  is 
Mliation  into  space  from  the  earth  and  from  the  air  contigaons 
d  the  second  is  a  mixture  of  winds  and  currents,  or  of  vapor 
at  difierent  temperatures. 

iiation  fogs  occur  commonly  when  the  atmosphere  abov^e  the 
stratum*  is  cold,  dry,  and  nearly  still,  and  when  the  lowest 
is  greatly  cooled  by  contact  with  the  cold  radiating  earth,  and 
e  precipitates  vapor  into  the  form  of  minute  globules  of  water, 
lobules  themselves  have  a  large  radiative  capacity,  so  that  they 
ther  to  reduce  the  temperature  of  the  air  in  which  they  float, 
Eis  no  such  capacity.  The  stratum  of  fog  so  formed,  not  exteiidiug 
ny  feet  above  the  ground,  fails  to  reflect  much  of  the  heat  radi- 
al below,  and  quickly  disperses,  by  radiation  into  space,  wljat- 
>t  it  absorbs.  Thus  earth  and  fog  continue  rapidly  to  i^art  with 
dLt  through  the  clear  sky  into  space.  The  stratum  of  fog  often 
1  height  and  density  through  the  night,  and  continues  till  about 
the  following  day,  or  disperses  in  the  late  hours  of  the  morn- 
extended  over  a  plain  and  watched  from  a  height  ab<>ve  the 
ivel,  a  fog  of  this  character,  in  somewhat  damp  and  not  typical 
Q  weather,  may  be  seen  gradually  to  move  ine^i^ularl y  upward 
lie  influence  of  the  morning  sun,  and  in  various  directions  to 
prominences  like  those  of  the  upper  edge  of  curnnlo. stratus. 
ssuins  from  a  tall  factorv  chimney  rises  throu<rh  and  alxne  the 
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either  clears  at  once  or  remains  for  some  time  as  a  light  bine  haze.^ 
The  strata  below  it,  submitted  to  the  same  influence,  successively  lifie 
and  take  its  place,  and  the  evaporated  moisture  mingles  with  the  gen- 
eral air. 

Fogs  of  this  kind  locate  themselves  in  low-lying  valleys,  basins,  and 
plains,  for  the  air,  chilled  by  contact  with  the  radiating  ground,  sinks 
by  gravitation  into  such  situations  and  in  them  is  least  likely  to  be 
disturbed.    Sometimes  a  white  fog  may  be  seen  x)oaring  down  an  o\m 
and  rather  steep  ravine  like  water.^    Slopes  of  hills,  especially  their 
southern  sides,  some  hundreds  of  feet  above  the  plain,  are  comparatively 
free  from  these  fogs,  and  are  much  drier  and  warmer  during  tbeir 
prevalence  than  lower  places  in  the  neighborhood.     Such  an  elevation 
is  more  favorable  on  this  account  to  the  human  constitution ;  both  the 
daily  and  yearly  thermometric  range  is  much  smaller.     Dense  fog  and 
frost  often  remain  throughout  the  day  on  the  northern  side  of  hilli 
when  the  southern  slope  is  bathed  in  sunshine.    This  has  been  observed 
on  several  occasions  on  Hiudhead,  Surrey,  the  air  in  the  fog  keeping 
much  colder  than  the  air  above  it  and  on  the  southern  slope. 

In  the  still  air  which  precedes  and  accompanies  radiation  fogs  the 
number  of  dust  particles  is  high  above  the  average,  owing  partly  to 
their  becoming  gathered  by  undisturbed  precipitation  into  the  lowest 
strata.    On  several  occasions  when  the  dust  particles  were  counted 
they  amounted  to  between  45,000  and  80,000  per  cubic  centimeter. 
Each  of  these  is  a  nucleus  for  the  deposition  of  vapor.    The  watff 
particles  are  so  small  that  they  evaporate  before  touching  solid  objects 
during  the  daytime,  the  objects  being  warmer  than  themselves.   For 
this  reason  these  fogs  have  no  wetting  effect.    In  a  fog,  when  objects 
were  invisible  at  100  yards  distance,  19,350  droplets  sometimes  fell  on  a 
square  inch  per  minute,  but  the  average  was  much  less  than  this,  and 
the  smallest  number  about  1,900  per  minute.^    The  large  number  of 
particles  favors  the  formation  of  fog.    Considerable  numbers  of  living 
organisms  no  doubt  exist  among  the  water  particles  of  the  fog,  but  aie 
not  known  to  be  a  cause  of  ill-health  in  the  country  remote  from  towDS. 
l^or  is  great  cold  combined  with  fog  productive  of  much  illness  in  the 
country.    In  smoky  towns  the  case  is  far  different.    Thus,  in  LoDdou 
the  death  rate  was  raised  in  a  single  fortnight,  from  January  24  to 
February  7,  1880,  from  27,1  to  48.1  per  thousand.    The  fatality  and 
prevalence  of  respiratory  diseases  were  enormously  increased.    The 
excess  of  deaths  over  the  average  in  the  three  weeks  ending  February 
14  was  2,994,  and  in  the  week  ending  February  7  the  deaths  from 
whooping  cough  were  unprecedentedly  numerous — 248 — and  from  bron- 
chitis numbered  1,223.    At  least  30,000  persons  must  have  been  ill 

^This  haze  may  be  taken  to  be  caused  by  the  aggregated  nuclei  of  dust  left  after 
evaporation  of  the  water  which  condensed  upon  them. 

^This  was  seen  by  the  author  with  remarkable  distinctness  near  Alum  Bay,  iu  the 
Isle  of  Wight. 

3  Aitken. 
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he  couibined  effect  of  smoky  fog  and  cold.  The  present  aathor 
I  London  daring  the  whole  period,  and  noted  especially  the  anas- 
unber  of  days  during  which  the  darkness  and  stillness  continued, 
he  tenacity  with  which  the  fog  clang  to  the  cold  groand  on  the 

sides  of  squares  and  streets,  when  a  warm,  gentle  current  from 
luth  improved  and  cleared  the  air  above  a  height  of  20  or  30  feet.^ 
large  excess  of  carbonic  acid,  of  sulphurous  acid,  and  of  micro- 
lisms  and  effete  organic  products  was  partly  concerned  in  these 
ects,  but  the  factor  of  greatest  importance  was  the  finely  divided 
hickly  distributed  carbon  or  carbonaceous  matter,  which  irritated 
reathing  passages  and  lungs.  The  results  corresponded  rather 
y  with  the  more  gradual  ill  effects  of  dusty  trades.  The  lungs  of 
1  who  has  8i>ent  his  life  in  London  or  Manchester  are  found,  post 
^m,  to  be  choked  with  black  matter.    In  some  parts  of  London 

is  sometimes  no  more  light  at  noon  than  in  the  darkest  night. 

a  fortnight  of  dense  fog  the  deaths  in  London  for  one  week,  eud- 
inuary  2, 1892,  exceeded  by  1,484  the  average  number,  being  at 
ite  of  42  per  1,000.  Increases  took  place  in  the  following  diseases : 
es,  114  per  cent;  whooping  cough,  173;  phthisis,  42;  old  age,  30; 
8xy,  58;  diseases  of  the  circulatory  system,  106;  bronchitis,  170; 
Qonia,  111;  other  respiratory  diseases,  135;  accidents,  103. 
se  results  are  in  the  main  attributable  to  the  concentration  of  the 
iry  constituents  of  London  air,  with  moisture  and  intense  cold  to 
their  deadly  work.  The  majority  of  the  fatal  cases  were  in 
^ned  constitutions,  though  many  were  among  the  robust.  The 
ience  of  large  towns  always  is  that  the  power  of  recovery  after 
\  is  much  less  within  their  confines  than  in  the  country.  In  the 
le  evil  influences  of  town  air  are  many  times  multiplied.  The 
ist  fogs,  which  are  local,  are  the  result  of  variable  or  op}K>sing 
its  which  carry  up  the  discolored  mass  to  a  height  of  hundreds 
t,  where  they  condense  their  moisture  in  a  stratum  of  unusual 
less  or  height.  By  a  converging  flow  of  currents,  a  huge  column 
ckened  fog  particles  rises  vertically  to  a  height  where  it  may 
u  or  whence  it  may  move  slowly  from  place  to  place.  A  fog  need 
ways  be  resting  on  the  ground,  but  may  hang  after  the  manner 
atus  cloud  at  some  level,  often  a  few  hundred  feet  above  it.  This 
)us  when  the  ground  is  not  much  colder  than  the  air.  The  smoke 
teainer  may  be  seen  sometimes  thus  to  form  a  dark  streak,  remain- 
jout  the  same  level  for  an  hour  or  more.  That  domestic  fires  at 
rival  manufacturing  works  in  the  production  of  dark  fogs  is 
d  by  the  intense  darkness  which  has  prevailed  in  London  on  Sun- 

and  once  on  Christmas  Day.  Factory  fires  are  out  on  Sundays, 
omestic  fires  are  larger  and  more  numerous.  Smoky  fogs  invade 
8  and  even  warm  rooms,  showing  that  many  of  the  nuclei  are 

particles  large  enough  visibly  to  obstruct  light  even  when  dry. 

*  London  Fogs.    R.  Russell.    Published  by  Stanford,  London,  188<). 
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At  a  distaDce  of  10  miles  from  London,  the  smoky  particles  are  small 
and  show  quite  a  thick  haze  in  a  room  with  a  fire,  when  a  gentle  coi- 
rent  is  moving  from  the  town.  Professor  Frankland  has  shown  that 
if  a  little  smoky  air  be  blown  across  the  surface  of  water  evaporatiou 
is  retarded  80  per  cent.  The  water  globules  may  be  similarly  coated 
with  tarry  matter,  which  hinders  the  warmth  of  the  sun  from  evaporat- 
ing  them.  Moreover,  every  particle  of  carbon  is  a  good  radiator  and 
in  the  early  morning  tends  to  increase  the  cold  in  the  air  aroand  it; 
moisture  is  deposited  upon  it,  in  the  opinion  of  the  present  writer,  and 
can  only  with  difficulty  evaporate,  so  long  as  radiation  is  active  and 
while  the  heat  and  light  of  the  sun  are  stopped  by  smoke.  The  effect 
of  finely  divided  carbon  in  stopping  light  may  be  tested  by  holding  a 
piece  of  glass  for  a  few  moments  above  the  flame  of  a  candle;  the 
black  film  deposited  enables  us  to  look  at  the  sun  easily,  and  it  appears 
well  defined,  like  a  red  orange,  as  in  a  fog. 

The  imperfect  combustion  of  coal  is  the  cause  not  only  of  fogs  being 
specially  dangerous  to  life,  but  of  their  persistence  in  duration  far  beyond 
those  of  the  surrounding  country.  The  removal  of  coal  smoke  woold 
mean  much  less  fog  and  much  less  evil  in  that  which  remained.  Cities 
which  use  wood  as  fuel,  or  anthracite,  or  gas,  or  oil,  are  no  more  visited 
by  fogs  than  the  surrounding  country,  although  the  fine  "dust"  above 
them  is,  according  to  Aitken,  very  greatly  in  excess  of  the  normal. 

Pittsburg  had  a  black  climate  till  it  used  natural  gas,  and  thencefor- 
ward has  had  a  clear  air,  and  no  special  liability  to  darkness  and  fog. 
In  London,  of  9,709,000  tons  of  coal  used  annually,  about  1  per  cent 
escapes  into  the  air  unburnt  and  10  per  cent  is  lost  in  other  volatile 
compounds  of  carbon.  The  bright  sunshine,  compared  with  that  of 
Kew,  9  miles  distant,  was,  in  the  four  jears  1883-1886,  3,925  hours, 
against  5,713  at  Kew,  and  about  6,880  at  St.  Leonards,  about  80  miles 
distant.  From  !N"ovember,  1885,  to  February,  1886,  inclusive,  the  sun- 
shine in  London  was  62  hours,  at  Kew  222,  and  at  Eastbourne  300. 

Town  fogs  contain  an  excess  of  chlorides  and  sulphates,  and  about 
double  the  normal,  or  more,  of  organic  matter  and  ammonia  salts. 

During  the  last  fortnight  of  February,  1891,  the  previously  washed 
roofs  of  the  glass  houses  at  Chelsea  and  Kew,  the  former  just  within, 
and  the  latter  just  outside,  London,  received  a  deposit  from  the  fog, 
which  was  analyzed  and  gave  the  following  results: 


Substiuicea. 


Carbon 

Hydrocarbons 

Organic  bases  (pyridines,  etc.) 

Sulphuric  acid  (SOa) 

Hydrochloric  acid  (HCE) 

Ammonia 

Metallic  iron  and  maguotio  oxide  of  iron 

Mineral  matter  (chiefly  silica  and  ferric  oxide) 
Water,  not  detormined  (say  difference) 


ChelMM. 

Kew. 

PtrcenL 
39 

Per  cent 
415 

12.3 

4.8 

2 

4.3 

4 

1.4 

.8 

l.i 

!.l 

2.C 

31.2  41.5 

5.8  5.  J 


>a  leaves  gave  6  to  9  per  cent  of  oulphuric,  and  5  tu  7  per  eeut  of 
(chloric  acid,  mostly  iu  a  state  of  combination.  Tliree  days'  fog 
iitcd  ]>er  square  mile  14  Lnndrcdweiglits  of  sulphuric  acid  and  13 
redweights  of  blacks. 

long  the  results  of  smoky  air  in  towns  may  be  mentioned:  The 
nragement  of  cleaiiliuess  and  ventilation;  tlieconstuut  deficiency 
:]itj  tlie  damage  to  plant  life,  bo  that  only  a  few  trees  and  pliiuts 
jve;  the  destruction  and  disfigurement  of  stone,  cement,  iron, 
,  wall  papers,  clothing,  etc.,  and  the  depressing  effect  of  dirt  and 
leiied  streets  on  the  i>eople;  losses  to  artists  of  all  kinds  who 
ad  on  light;  the  lowered  vitality  of  a  large  portion  of  the  popula- 
aod  a  contributory  influence  toward  the  rapid  degeneration  and 
ction  of  town  families. 

London  the  extra  expenditure  entailed  is  about  £1  a  head,  or 
than  the  value  of  all  the  coal  burnt  in  liouses.  The  extra  wnsb- 
[Minting,  and  repairs,  and  the  loss  of  unburued  carbon,  etc.,  are 
g  the  priacipa)  items  in  the  account. 

i  intensity  of  the  ground  fog  depends  largely  on  the  amount  of 
:g  which  the  earth  has  previously  undergone.  At  Ihe  beginning 
bmary,  ISSO,  the  ground  in  Londou  was  hard  frozen  with  the 
(e  frost  which  had  prevailed  for  some  days.  A  moist  southerly 
it  supervened  and  the  temperature  rose  several  degrees  above 
eezlog  point.  On  the  shady  side  of  squares  tlie  fog  then  pro- 
between  the  ground  and  10  or  21)  feet  above  it  was  so  dense  that 
a.  m.  a  lamp-post  4^  yards  distant  was  invisible.  In  an  ordinary 
fog,  snch  as  that  of  January  11,  ISSS,  objects  are  visible  at  thir- 
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resembles  that  which  produces  haze  in  sanimer;  a  slow  infiltratioti  of 
currents  of  different  temperatures  brings  different  laminae  into  contact 
A  cold  earth  and  a  sky  clear  above  the  low  cloads  increase  the  inten- 
sity of  such  a  fog,  but  are  not  necessary  to  its  existence.    A  sontberly 
wind  is  too  warm  to  produce  fog  by  itself  unless  it  meet«  with  a  cold 
surface,  and  a  northerly  wind  is  too  dry  by  itself  to  be  reduced  below 
the  dew-point.    When,  however,  two  opi)08ite  currents,  one  of  which  ig 
colder  than  the  other,  diffuse  into  each  other  slowly,  as  when  the  colder 
current  over  an  extensive  area  sinks  into  the  warmer  current  below  it, 
a  fog  may  be  produced  which  is  less  thick  than  a  radiation  fog,  bat 
may  continue  with  little  change  through  several  days  and  nights,  and 
commonly  declares  its  character  by  the  height  to  which  it  extends 
and  by  its  moisture.    It  deposits  much  more  moisture  on  trees,  etc 
than  most  radiation  fogs,  and,  though  no  visible  mist  or  rain  may  falL 
the  ground  under  trees  often  becomes  very  wet.    Thus  precipitation  of 
moisture  is  increased  in  forests.    In  cold  climates  or  at  high  leTok 
every  exposed  object  accumulates  ice.    A  wet  or  mixture  fog  disap- 
X>ears  under  cover,  and  is  thinner  in  large  towns  than  in  the  conntry, 
for  the  particles  of  ^hich  it  is  composed  are  almost  pure  water  aod 
evaporate  when  the  air  is  a  little  raised  in  temperature.    On  monn- 
tains  in  Great  Britain  wet  fogs  are  very  common,  and  may  occur  with 
strong  wind;  moisture  or  ice  is  deposited  on  the  windward  side  of  all 
objects.    Continuous  damp  mist  may  be  produced  in  Great  Britain  by 
a  northeast  wind  blowiug  beneath  a  damp  southwest  or  south  correDt, 
and  such  mists  produce  very  disagreeable  weather.    In  September  and 
the  first  half  of  October,  1894,  southern  England  was  immersed  for 
weeks  in  a  mist  so  produced.    The  northeast  wind  was  not  of  very 
distant  origin,  and,  not  being  dry,  its  mixture  with  the  very  damp 
southerly  current  overlying  it  produced  dense  mist,  cloud,  and  occa- 
sional rain. 

Many  fogs,  such  as  those  over  rivers  or  valleys,  and  over  the  cold 
ocean  current  near  the  Bank  of  Newfoundland,  are  due  partly  to  mix 
ture  and  partly  to  radiation.  The  sea  fog  originates  in  the  cooling  of 
air  by  contact  with  the  colder  surface  of  water  and  by  mixture  with 
the  cold  air  which  lies  near  the  water.  At  many  coast  places  on  a  hot 
summer  day  a  sea  fog  frequently  comes  up  on  a  cool  breeze  which 
mixes  with  the  warm  air  above  it  from  the  land.  On  the  other  hand, 
when  a  sheet  of  water  is  much  warmer  than  the  air  above  it,  a  thick 
mist  or  fog  may  be  formed,  which  is  largely  condensed  steam. 

Fog  is  less  common  in  summer  in  the  interior  of  continents  or  of  large 
islands  than  on  the  coast,  but  in  winter,  owing  to  the  greater  loss  of 
heat  by  the  surface  of  the  earth  than  by  the  surface  of  the  sea,  fog  i^ 
more  common  inland.  In  many  countries  in  the  temperate  zone  the 
stratum  of  cloud  or  fog  does  not  lie  often  upon  the  ground,  but  at  a 
height  of  hundreds  or  thousands  of  feet;  the  sky  remains  quiet  and 
overcast  for  days  and  weeks  together.    The  elevation  of  the  cload, 


jptibly.  Near  the  surface  of  the  earth  it  seldom,  if  ever,  grows 
radiation  fog  or  from  the  haze  of  anticyclonic  coDditions,  but 
frequently  is  a  result  and  direct  growth  from  wet  or  mixture  fogs, 
ay  be  considered  as  line  rain,  which  falls  from  a  cloud  undergoing 
ng  and  consequent  aggregation  of  particles.  In  hilly  country 
the  sea,  where  the  wind  arrives  after  having  blown  over  a  large 
dth  of  warm  ocean,  misty  rain  is  very  common, 
i  Eingairloch  the  number  of  dust  particles  was  always  very  low  in 
weather,  showing  that  the  msyority  were  being  used  up  by  the 
.  The  transparency  of  the  air,  or  '^visibility,''  so  often  preceding 
is  due  first  to  the  paucity  of  dust  particles  brought  by  an  ocean 
[  which  is  made  purer  than  it  otherwise  would  be  by  the  clouds 
pain  of  the  area  from  which  it  blows;  secondly,  to  the  homogeneity 
le  air  and  the  tendency  to  form  large  cloud  globules  or  drops  of 
when  near  saturation,  the  proi)ortion  of  vapor  to  dust  particles 
r  high. 

quiet  winter  weather,  a  long-continued  damp  mist  or  else  a  very 
steady  rain  has,  in  the  present  writer's  experience  in  England, 
)ded  intense  cold,  and  may  be  supposed  with  great  probability 
I  caused  by  the  gradual  descent  of  very  cold  air  upon  the  lower 

PARTICLES   SUSPENDED   IN   THE   AIR. 

3  atmosphere  contains  an  immense  number  of  substances  sus- 
3d  in  it  in  the  form  of  visible  and  invisible  dust,  but  only  a  small 
»rtion  of  these  require  attention  as  affecting  human  life.  Deserts, 
nd  sandy  tracts,  and  wind-swept  plains  yield  a  continual  supply 
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skin,  and  starch.  Even  coal  gas,  which  shows  no  smoke  in  its  com- 
bnstion,  fills  the  air  where  it  is  burnt  with  millions  of  particles  in 
every  cubic  foot.  The  whole  atmosphere  is  pervaded  by  particles  of 
salt  derived  from  the  spray  of  the  seashore  and  of  ocean  waves.  Id 
summer,  pollen  seeds,  odors  of  earth,  trees,  tiowers,  and  hay,  and  the 
spores  of  an  immense  variety  of  fungi  float  on  every  breeze.  Mojitof 
these  have  no  special  interest,  but  some  of  the  spores  and  pollen  are 
capable  of  setting  up  great  irritation  in  the  human  system,  almost 
amounting  to  diseases.  Hay  fever  is  the  result  of  the  action  of  grm 
pollen  on  the  breathing  passages. 

LIVING  GKRMS  IN  THK  AIR. 

Much  more  important  are  the  living  germs,  the  microbes,  bacteria, 
fungi,  and  molds,  which  are  found  very  unevenly  distributed,  and 
especially  abundant  at  low  levels  in  populous  places  and  habitations. 
Miquel  found  in  a  cubic  meter  at  Montsouris  Observatory,  near  Paris, 
85  of  these  organisms  in  spring,  105  in  summer,  142  in  autumn,  and  49 
in  winter.  On  other  occasions  the  numbers  were  70,  92, 121,  and  53, 
respectively. 

In  the  Rue  de  Rivoli,  in  Paris,  the  number  was  about  5,500.  In  air 
collected  at  2,000  to  4,000  meters  high  (about  6,300  to  13,600  feet)  no 
bacterium  or  fungus  spore  was  found.  Pasteur  exposed  20  flasks  of 
clear  broth  in  the  open  country  of  Arbois,  20  on  the  Lower  Jura,  and  3D 
near  the  Mer  de  Glace,  at  a  height  of  over  6,000  feet.  Of  the  Arbois 
flasks,  8  developed  organisms;  of  the  Jura,  5;  and  of  the  Mer  de  Glace, 
1  only. 

Miquel's  experiments  proved  that  microbes  were  much  more  abun- 
dant in  the  town  than  in  the  country.    In  rooms  the  number  waseiglit 
times,  and  in  hospitals  twelve  times  the  number  in  the  open  air.    These 
experiments  refer  to  hospitals  in  Paris  only.    In  hot  countries,  after  a 
prolonged  period  of  dry  hot  weather,  microbes  diminish.     In  M.  Miquers 
view  the  places  where  there  are  most  microbes  are  centers  of  infectious 
disease;  the  curves  of  mortality  to  a  great  extent  correspond  witlitlie 
curves  of  the  number  of  microbes  and  follow  them  after  a  short  interval 
In  1  gram  of  the  dust  of  his  laboratory  he  found  750,000  germs,  and 
in  that  of  a  room  in  Paris  2,100,000.    In  the  air  of  hospitaLs  microbes 
of  su])puration  have  been  found.    Devergie  found  an  *'  immenseamoant 
of  organic  matter  in  the  air  in  the  vicinity  of  a  patient  with  hospital 
gangrene.    Dr.  DundavS  Thompson  found,  in  the  air  of  a  cholera  ward, 
starch,  woolen  libers,  epithelium,  fungi,  or  spores  of  fungi,  and  vibrione8« 
Scaly  and  small  round  epithelia  are  found  in  most  rooms,  and  in  large 
quantity  in  hospitals.    The  dust  of  a  hospital  ward  at  St.  Louis  con 
tained  36  to  46  per  cent  of  organic  matter,  largely  epithelium  cells. 
Parkes  similarly  detected  large  quantities  of  epithelium  in  the  air  of 
barracks  and   hospitals.    In  1    gram  of  dried  earth   Miqnel  found 
SOOyOOO  to  1,000,000  microbes.    "Receut,  T^««k«tiL\v  ^o^^VVv^ji  \\\imber  is 


liters  from  au  open  square,  and  3T  colonies  of  bacteria  and  33 
I  from  a  schoolroom  jnst  vacated.  Professor  Tyndall  exposed  for 
rt  time  37  flasks  containing  an  inf\iaion  of  turnip,  etc.,  to  air  on  a 
of  rock  above  tbeAlet^U  glacier  in  Switzerland,  an  altitude  over 
feet,  itnd  then  carried  them  to  a  kitchen  stove  with  a  temperature 
'  to  (KP  F.  In  tbe  same  way  23  flasks  were  exposed  to  tlie  air  of 
loll  near  the  samealtitiideaiidplaced  with  the  others  in  the  store, 
recantions  being  taken  in  all  cases  to  prevent  the  kitchen  air  from 
minating  the  flasks.  Of  the  27  flasks  opened  in  free  air  not  one 
id  a  sign  of  organic  life;  of  the  23  opened  in  the  hayloft, 21  were 
ed.  Many  other  experiments  in  London  nnd  elsewhere  convinced 
hilt  the  air  of  an  ordinary  room  tiwamis  with  germs  of  life,  and 
f  infusions  of  flesh,  fish,  or  vegetable  be  exjiosed  even  for  a  short 
to  the  dusty  air  they  bet^ome  turbid  and  putrid  within  a  few  days. 
Bcd  for  months  to  air  "optically  pure,"  that  is,  depriveil  of  dust, 
%main  clear  and  sweet  for  months,  in  fact,  do  not  putrefy  at  all. 
of  the  germs  or  spores  in  the  air  have  a  very  remarkable  resisting 
'  and  will  germinate  after  several  honrs'  boiling ;  others  are  killed 
i  minutes.  The  spores  of  bacillus  subtilis,  which  is  common  in 
■  in  the  air  of  haylofts,  is  not  killed  by  prolonged  boiling.     But 

themselves,  which  are  soft  and  unprotected,  are  killed  by  boiling 
within  a  few  minutes.  The  small  si»:e  of  the  germs  and  bacilli 
e  to  some  degree  realized  when  we  note  that  in  Tyndall's  cwtima- 
ennmberin  a  singledrop  of  turbid  infusion  is  probably  .'(00,000,000 
f  times  multiplied."  The  evaporation  of  such  a  drop  wonld  then 
vably  i)ermit  the  lannch  into  the  atmosphere  of  more  than  one 
md  million  organisms.    The  natural  processes  of  decay  in  most 

on  the  surface  of  the  earth  mast  be  incessiiutly  nourishing 
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Natural  History  Museam,  Entrance  Hall,  Whitmonday 1,T» 

Hospital  for  Consnmption,  morning M 

Hospital  for  Consnmi)tion,  afternoon ft 

Railway  compartment,  open  window,  4  persons ^ 

Railway  compartment,  window  4  inches  open,  10  persons 3,131 

111  experiments  made  with  tbe  object  of  finding  tbe  number  of 
microbes  in  a  certain  volame  of  air,  he  found  at  a  height  of  300  feetoQ 
Norwich  Cathedral,  only  7  in  2  gallons;  on  the  gravel  near  the  cathe 
dral,  18;  at  the  top  of  Primrose  Hill,  9;  at  the  foot,  24.  ■! 

Dr.  Fischer  found,  in  experiments  made  at  sea,  that  at  120  miles 
from  land,  in  eleven  out  of  twelve  experiments,  the  air  was  quite  free 
from  germs;  that  at  90  miles  from  laud,  in  seven  cases  out  of  twelve, 
there  were  germs,  but  very  few.  Practically  it  appears  that  at  120  sea 
miles  distant  from  land  the  air  is  pure  and  free  from  microorganic  life. 

Angus  Smith  roughly  calculated  the  amount  of  organic  matter,  liviDg 
and  dead,  to  weigh,  in  pure  air  on  high  ground,  1  grain  in  209,000 cnbie 
feet;  in  a  bedroom,  1  grain  in  64,000  cubic  feet;  in  a  closely  packed 
railway  carriage,  1  grain  in  8,000  cubic  feet. 

He  obtained  some  curious  results  by  shaking  up  air  in  different  places 
with  water.  The  air  of  a  cowhouse  gave  an  eflfect  only  produced  by 
fifty  to  one  hundred  times  the  quantity  of  good  air,  and  coutaioed  a 
mass  of  debris,  hairs,  etc.  The  air  behind  houses  in  streets  was  worse 
than  in  front  of  them. 

Moisture  collected  from  the  air  above  marshes  has  been  found  by 
Italian  observers  to  contain  multitudes  of  seeds  of  algie  and  of  micro- 
scopic infusoria.  The  condensed  dew  exhibits  a  surprising  quantity  of 
spores  and  sporangia. 

Other  observers  agree  in  noting  decaying  organic  matter  in  abun- 
dance, vaporous  and  solid,  together  with  living  minute  forms  of  auimal 
and  vegetable  life,  floating  in  the  air;  these  consist  of  algae,  diatoms, 
fungi,  bacteria,  and  other  microorganisms. 

The  subtilis,  or  hay  bacillus,  is  always*  present  in  the  open  air,  but 
the  bacilli  generally  keep  to  low  levels  and  do  not  extend  so  high  as 
the  mold  fungi. 

Cunningham,  at  Calcutta,  found  spores  and  other  cells  constantlj 
present  in  the  free  air,  usually  in  considerable  numbers.  The  majority 
were  living,  capable  of  growth,  and  seemed  independent  of  moisture 
and  direction  of  w  ind. 

Mr.  Greenleaf  Tucker  found  that  outside  the  City  Hospital  of  Boston 
10  liters  of  air  contained  on  an  average  10  colonies  of  bacteria,  7  of 
molds,  in  November;  13  of  bacteria  and  3  of  molds  in  January.  The 
number  of  bacteria  was  less  on  rainy  days.  The  hospital  itself  con- 
tained few  bacteria,  owing  to  constant  care  and  cleanliness,  but  the 
number  was  much  increased  after  sweeping  and  bedmaking. 

Carnelley  found  in  clean  one-roomed  houses  180  bacteria  per  10  liters; 
in  dirty  houses,  410;  in  very  dirty,  930;  in  schools,  from  300  to  1,250, 
according  to  ventilation;  in  the  Koyal  Infirmary,  Dundee,  10  to  20. 
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The  ^eater  part  of  the  dast  of  cleau  habitations,  coDsisting  of  motes 
ierived  from  mineral,  vegetable,  and  animal  substances,  has  little 
ipparent  eflFect  upon  health.  But  it  certainly  tends  to  reduce  vitality 
\>j  some  small  amount,  and  gives  extra  work  to  the  breathing  organs. 
[?ODsequently,  to  invalids  and  delicate  persons  it  is  important  to  reduce 
this  dost  by  all  reasonable  means.  A  beam  of  strong  light,  sunlight 
>r  the  electric  lamp,  shows  the  air  of  most  inhabited  rooms  to  be  so 
crowded  with  dust  as  to  be  almost  opaque  to  vision.  Aitken  found 
U,000,000  particles  in  the  cubic  inch  in  a  room  where  gas  was  burning. 
EU>onis  ^th  x)olished  wooden  floors,  painted  hard  plaster,  glazed  paper, 
)r  wood-paneled  walls,  and  not  containing  fluffy  fabrics,  evolve  much 
[ess  dast.  They  are  more  healthy  not  only  on  this  account,  but  chiefly 
because  they  provide  much  less  pabulum  and  protection  for  the  growth 
of  noxious  microorganisms. 

I>e  Ghaamont  found  in  the  air  at  Paddington  and  in  University  Col- 
lege Hospital  particles  composed  of  the  epidermis  of  hay,  of  pine  wood, 
linen,  cotton,  epithelium,  eharred  vegetables,  and  minerals. 

Tichborne,  of  Dublin,  found  in  a  street  45.2  per  cent  of  organic  matter, 
and  at  the  top  of  a  pillar  29.7  per  cent.  Most  of  it  was  finely  ground 
mannre. 

The  spores  and  mycelium  of  Acliorion  schonleinii  and  of  Tricophyion 
tonsurans  have  been  found  in  the  air  of  a  hospital  for  diseases  of  the 
skin. 

The  surface  of  the  ground  in  streets,  squares,  courts,  and  gardens, 
and  the  sweepings  of  dwellings  and  stables,  contain  swarms  of  the 
germs  of  the  bacillos  of  tetanus,  a  disease  fatal  to  man.  These  chiefly 
infest  the  droppings  of  various  domestic  animals,  and  may  be  carried 
through  the  air  to  wounds;  commonly  they  infect  by  contagion  and 
not  through  the  air.  Drying,  light,  and  putrefying  matter  do  not  kill 
the  bacillus,  nor  does  a  temperature  of  80^  to  90^  C.  Tetanus  has 
caused  great  mortality  among  soldiers  who  have  lain  wounded  at  night 
on  the  field  of  battle,  xirobably  owing  to  the  lifting  of  the  bacillus  by 
emanations  from  the  ground  and  its  deposit  on  open  wounds. 

8EWBR  AIR. 

Sewer  air  contains  molds,  fungi,  bacteria,  and  animal  and  vegetable 
debris.  The  microbes  do  not  exceed  about  6  per  liter  in  a  good  sewage. 
system.  In  ordinary  drains,  however,  they  are  much  more  numerous, 
and  are  borne  into  the  interior  of  houses  in  company  with  highly 
poisonous  gases.  The  gases  of  sewers  are  sulphuretted  hydrogen, 
ammonium  sulphide,  carbon  bisulphide,  a  very  little  marsh  gas,  com- 
pound ammonias,  with  traces  of  ptomaines  and  leucomaines. 

AIR  OF  MINES. 

The  air  of  mines  contains  only  a  few  molds,  fungi,  and  bacteria. 
SM  95 16 
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GROUND  AIR. 


Ground  air  contains  microorganisms  in  abundance,  according  to 
locality  and  conditions,  but  bas  bitherto  been  little  examined.  It  con- 
tains an  enormous  quantity  of  carbon  dioxide,  wbicb  is  at  its  maximum 
from  July  to  November.  Tbe  foul  air  of  cesspools  is  sometimes  drawo 
into  bouses  through  20  feet  of  earth. 

When  organic  substances  decompose  in  the  air,  they  are  first  attacked 
by  molds,  then  by  bacteria.  These  last  cause  odorous  gases  to  be 
emitted,  which  are  oxidized  by  the  air.  If  the  air  has  access  to  the 
substances,  aerobic  organisms  multiply;  if  only  slight  access,  as  in 
masses  of  filth  in  a  drain,  anaerobic  multiply,  such  as  those  of  pntie- 
faction,  of  tetanus,  and  of  malignant  (Bdema. 

ORGANI8M8,   ETC.,  IN  THE  OPEN  AIR. 

The  open  air  in  populous  places  contains  much  dust  of  suspended 
matter  and  many  living  organisms.  Debris  from  wool,  silk,  fibers,  hair, 
feather  particles,  dried  epithelial  cells,  epidermic  scales  from  the  skin, 
pus  cells,  pyogenic  microorganisms,  fragments  of  insects,  and  fecal 
particles  are  among  the  former,  and  living  minute  ova  or  infusoria^ 
minute  amcebiform  organisms,  etc.,  which  may  even  grow  in  the  atmos- 
phere, are  among  the  latter.  All  these  are  of  animal  origin.  Of  vege- 
table origin  are  the  following:  Soot,  fibers,  hairs,  cells,  starch,  straw  in 
powder,  spores  of  molds,  fungi,  diatoms,  and  bacteria;  living  pollen 
seeds,  spores  of  fungi,  molds,  diatoms  (which  may  live  and  grow  in 
the  atmosphere),  and,  rarely,  mycelium  of  fungus,  algae,  bacteria, and 
their  spores.  In  woods  in  Se))tember  basidiospores  are  abundant  Of 
mineral  matter,  sodium  chloride,  or  common  salt,  is  always  present 

MICROORGANISMS   IN  ROOMS. 

Many  living  microbes  fioat  in  the  air  of  all  dwelling  houses,  bat  in 
rooms  which  are  old,  overcrowded,  and  dirty,  the  numbers  are  very 
much  higher.    These  come  for  the  most  part  from  the  sides  and  floor, 
and  not  from  persons,  but  they  are  much  more  numerous  when  the  dust 
is  disturbed  than  when  the  room  has  been  quiet  for  a  short  time.    In 
schools,  large  numbers  of  microbes  find  a  nidus  under  and  between 
the  boards  of  the  floor  if  these  are  not  close-joined.    Bacteria  chiefly 
abound,  but  many  mold  and  yeast  fungi  are  also  present.    The  latter 
belong  more  to  the  external  air,  the  ba<5teria  to  the  internal  air,  and 
since  the  bacteria  are  the  heaviest,  the  air  of  a  room  which  is  left  quiet 
contains  a  preponderance  of  molds  and  yeasts.    Pathogenic  or  disease 
germs  are  nourished  to  a  great  extent  by  the  floors  and  walls  of  rooms, 
and  for  this  reason  the  material  should  be  smooth  and  easily  washed. 
In  schools  and  places  which  are  frequently  crowded,  cleansing  should 
be  frequent,  and  no  opi)ortunity  of  extensive  growth  of  bacterial  col- 
onies should  be  tolerated.    An  inquiry  into  the  relative  imparity  of  air 
in  differently  constructed  buildings  would  be  useful. 
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The  clothes  of  scholars  should  be  clean  and  washable,  and  there 
dioold  be  no  crowding  together  in  the  class  rooms. 

SEWEK   AIR. 

Sewer  air  in  sewers  of  good  construction,  in  good  order,  and  at  ordi- 
nary temperatures,  contains  very  few  living  organisms  discoverable  by 
the  usual  methods.  Microbes  are  not  easily  given  off  from  sewage 
unless  it  be  in  a  state  of  fermentation,  and  those  which  escape  soon 
attach  themselves  to  the  wet  surfaces  of  the  sewer  and  drains.  Yet 
there  may  be  microorganisms  which  are  not  capable  of  cultivation 
and  observation  by  means  hitherto  tried,  but  which  are  the  agents 
concerned  in  the  putrefactive  and  disease-causing  changes  set  up  in 
organic  substances  exposed  to  sewer  air. 

Moreover,  the  presence  of  a  very  few  pathogenic  microbes  may  be 
sufficient,  when  inhaled  with  the  noxious  gases  in  which  they  float,  to 
set  np  typhoid  and  other  dangerous  disorders. 

It  is  well  to  guard  against  the  assumption  that  negative  evidence 
proves  anything  in  these  cases.  The  bacilli  or  organisms  of  smallpox, 
measles,  whooping  cough,  malaria,  etc.,  are  either  undiscovered  or  very 
difficult  to  see  and  to  identify.  Drinking  water  which  may  be  clear, 
bright,  and  pronounced  by  microscopic  analysis  to  be  pure  and  excel- 
lent, may  i>oison  by  the  invisible  germs  of  typhoid  which  it  contains. 
Analysis  of  water  and  of  air  is  sometimes  a  less  trustworthy  arbiter 
'ban  the  senses,  or  than  knowledge  of  suspicious  circumstances. 

Often  a  family  lives  in  a  badly  drained  house  for  a  long  time  without 
uffering  anything  worse  than  headaches,  diarrhea,  sore  throat,  or  loss 
(  appetite.  These  ailments  may  be  due  either  to  habitual  inhalation 
f  the  poisonous  gases,  or  to  the  gases  joined  with  slightly  virulent 
licrobes.  Depressed  vitality  gives  a  strong  presumption,  if  other 
onditions  are  wholesome,  that  drain  air  enters  the  house. 
When  drains  and  sewers  are  out  of  order,  or  fermentation  is  going 
n,  or  where  there  is  old  sediment,  it  is  probable  that  a  large  number 
f  microbes  of  a  disease-producing  kind  are  evolved  and  carried  by  the 
ases  and  air  into  houses.  The  process  of  decomposition  and  fermen- 
ation  set's  free  small  bubbles  of  gas  in  the  liquid  and  on  the  wet  surface, 
ud  these  bubbles  in  bursting  scatter  a  number  of  small  particles  into 
he  air.  The  force  with  which  liquid  particles  are  scattered  upward 
lay  be  observed  in  the  breaking  of  minute  bubbles  such  as  those 
rhich  rise  to  the  surface  of  a  glass  of  effervescing  water.  Experi- 
lents  on  various  drying  and  putrefying  liquids  could  hardly  fail  to 
amish  interesting  results.  There  seems  to  be  great  ])robability  that 
lacteria  or  their  spores  are  thrown  in  quantities  into  the  air  from 
isooos  putrefying  or  fermenting  liquids.  Certainly  a  fermenting 
trewer's  vat  scatters  multitudes  of  yeast  germs  into  the  air^  and  the 
seems  strictly  comparable.  
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VAPOR  AND  ORGANIC   MATTER  FROM   LIVING  BODIES. 

The  langs  and  skin  together  give  oft*  aboat  30  onnces  of  vapor  in  the 
day,  or  about  550  grains  an  hoar,  enough  to  saturate  about  90  cable 
feet  of  air  at  63^  F.  Estimates  naturally  difier  as  to  average  amounts, 
but  Professor  Foster  states  that  the  water  given  off  from  the  luogg  in 
the  day  is  about  1.5  pounds  and  from  the  skin  2.5  pounds.  Vapor  in  a 
room  ought  not  to  exceed  4.7  grains  per  cubic  foot  at  63^  F.,  or  5  grains 
at  65^.  This  vapor  is  practically  not  pure,  for  it  is  associated  with 
minute  portions  of  organic  gases  and  solids,  and  condenses  with  them 
upon  the  walls,  ceiling,  and  furniture,  whence  it  emerges  again  with 
organic  dust  when  these  are  warmer  than  the  air  of  the  room. 

Organic  matter  is  given  off  from  the  lungs  and  skin,  of  which  neither 
the  exact  amount  nor  the  composition  has  been  hitherto  ascertained. 
The  quantity  is  certainly  very  small,  but  of  its  importance  there  can  be 
no  doubt.  It  darkens  sulphuric  acid,  decolorizes  permanganate  of 
potash,  and  makes  pure  water  offensive  when  drawn  through  it  Col- 
lected from  the  air  by  condensation  of  vapor  in  a  hospital,  it  is  fonnd 
to  blacken  platinum  and  to  yield  ammonia;  it  is  therefore  nitrograons 
and  oxidizable.  It  has  a  very  fetid  smell  and  is  only  slowly  oxidized 
by  fresh  air.  It  is  molecular  or  particulate ;  it  contains  epithelium  and 
fatty  matter  from  the  mouth  and  pharynx,  sometimes  effluvia  from 
the  stomach.  Damp  walls,  moist  paper,  wool,  and  feathers  are  capable 
of  largely  attracting  or  absorbing  it.  Experiment  shows  that  it  bears 
a  nearly  constant  proportion  to  the  carbon  dioxide  in  inhabited  rooms, 
so  that  this  gas  is  conveniently  taken  as  an  iudicatcH*  of  the  amount  of 
the  organic  matter  in  the  air.  Since  this  organic  matter  has  been  proved 
to  be  highly  poisonous,^  even  apart  from  carbon  dioxide  and  vapor,  we 
may  safely  infer  that  much  of  the  mischief  resulting  from  the  inspira- 
tion of  rebreathed  air  is  due  to  the  special  poisons  exhaled  from  the 
body,  their  fatal  effect  being  accelerated  by  the  depression  of  vitality 
caused  by  the  gaseous  products  of  respiration  and  by  the  want  of 
oxygen.  Air  thus  organically  vitiated  and  confined  in  places  long 
inhabited,  which  are  subject  to  continual  condensation  on  their  sur- 
faces, without  proper  cleansing,  appears  to  play  a  very  large  part  in 
the  propagation  of  disease  in  man  and  animals. 

The  quantity  of  particulate  organic  matter  given  off  has  been  esti- 
mated at  30  to  40  grains  for  each  adult.  This  is  certainly  sufficient 
for  the  nutriment  and  sustenance  of  a  very  large  number  of  micro- 
organisms, which  may  grow,  in  the  presence  of  moisture,  upon  it  and 
upon  other  dust  deposited  upon  the  walls,  floor,  and  ceiling.  Water 
through  which  breath  has  been  passed,  and  kept  at  rather  a  high 
temperature,  gives  off  an  unpleasant  smell,  and  putrefaction  is  set  up.' 
It  does  not  appear  to  be  definitely  ascertained  whether  the  breath  and 


*  Dr.  A.  Ransoine  and  others. 
^Carpenter;  Douglas  Galton. 
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skin  actuaUy  and  normally  emit  in  good  health  living  microorganisms, 
either  pathogenic  or  harmless,  but  the  probability  is  considerable  when 
we  remember  that  the  mouth  and  air  passages  are  inhabited  by  various 
species,  and  that  warm  evaporating  surfaces  exercise  a  repulsive  force 
on  minute  particles.  Foster  states  that  the  aqueous  product  from  the 
breath  is  very  apt  to  putrefy  rapidly,  owing  to  the  presence  of  micro- 
organisms. It  is  not  generally  assumed,  however,  that  living  microbes 
are  exhaled  to  an  appreciable  extent.  The  subject  is  an  important 
one  and  demands  inquiry,  but  the  ultra  microscopic  minuteness  of  the 
germs  may  defeat  direct  observation.  As  to  the  frequent  emission  of  a 
deadly  particulate  poison,  however,  no  doubt  whatever  can  exist.^  It 
is  a  dangerous  and  pernicious  element  in  all  aggregations,  and,  com- 
bined with  carbon  dioxide,  produces,  when  in  moderate  quantity,  depres- 
sion, headache,  sickness,  and  other  ailments;  when  in  large  quantity, 
as  in  the  Black  Hole  of  Calcutta,  and  in  various  prisons  of  which  there 
is  record,  rapid  death  in  the  majority  and  fever  in  the  survivors.  Its 
action  upon  the  development  of  living  germs  when  deposited  upon 
outside  objects  has  not  been  ascertained.  Probably  it  may  be  favor- 
able to  some  and  unfavorable  to  others.  Some  of  the  most  deadly 
human  and  animal  diseases  certainly  are  capable  of  virulent  growth  in 
their  presence,  and  of  passing  more  easily  in  a  potent  condition  through 
air  in  which  they  are  abnormally  concentrated. 

OBGAiaC   KMAKATIOXS  FROM  THK   SICK. 

Hospitals,  when  not  well  ventilated,  contain  a  very  large  quantity  of 
organic  matter  floating  in  the  air  and  deposited  on  walls  and  floors. 
This  gives  rise,  in  the  most  impure  air,  to  hospital  gangrene  and  ery- 
sipelas, increases  the  severity  of  many  diseases,  and  prolongs  conva- 
lescence. Gangrene  having  once  appeared,  is  very  difficult  to  get  rid 
of.  Thorough  ventilation  and  hygiene  of  the  building  where  the  sick 
are  received  and  treated  prevents  these  evils  from  arising. 

ORGANIC  BMANATIOXS  FROM  THE   SKIN. 

Sweat  contains  salt,  lactate,  butyrate,  and  acetate  of  ammonium;  cal- 
cic phosphate,  ferric  oxide,  volatile  fatty  acids,  e.  g.,  sometimes  valeri- 
anic and  caproic  acid,  and  sometimes  leucin.  Perspiration  gives  ofif 
into  the  air  a  large  quantity  of  vapor,  about  2  pounds  in  the  twenty- 
four  hours  and  a  little  over  1  per  cent  of  this  quantity  of  solid  organic 
matter.  Fatty  acids,  inorganic  salts,  neutral  salts,  ammonia,  and  par- 
ticles of  epidermis  are  constantly  passing  from  the  skin  into  the  air. 
In  the  sick  the  matter  emanating  from  the  skin  is  often  largely 
increased  and  is  very  offensive. 

'Some  recent  experiuients  of  Smith  and  Haldane  seem  to  show  that  carhon  dioxide 
in  the  only  element  of  mischief^  hut  the  conditions  of  ordinary  life  are  so  various  and 
so  difficult  to  imitate  in  experimental  investigation  that  the  inquiry  needs  to  he 
wideiy  extended. 
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The  poiBonous  matter  emanating  from  the  skin  of  healthy  people 
and  animals,  if  thrown  back  upon  the  body  by  accidental  or  artificial 
means,  causes  death  in  a  short  time,  not  only  in  the  case  of  rebreathing. 
but  in  cases  where  the  pores  of  the  skin  are  stopped,  as  by  gold  leaf  or 
plaster  of  paris.  Sheep  have  died  in  large  numbers  after  being  dipped 
in  a  resinous  compound.  The  poison  returned  upon  the  body  by  the 
stoppage  of  the  pores  by  finely  divided  soot  may  be  a  cause  of  the 
excess  of  cancer  in  chimney  sweeps.  Dirty  bedding  used  after  having 
been  rolled  up  for  two  months  has  given  fever. 

The  relation  of  the  organic  matter  of  respiration  to  disease  can  not  be 
doubted,  and,  indeed,  it  seems  probable  that  much  of  the  mortality  of 
infant  and  adult  life  may  be  due  to  the  rebreathing  of  poison  excreted 
by  breath  and  skin.  These  are  known  to  be,  mediately  or  even  some- 
times directly,  a  great  cause  of  consumption,  pneumonia,  and  bronchi 
tis.  The  recent  experiments  on  the  development  of  tyi)hoid  fever  by 
the  respiration  of  sewer  gas  lead  naturally  to  the  inference  that  other 
I)oisons  besides  that  of  sewer  gas  may  play  a  very  important  part  in 
laying  the  system  open  to  the  attack  of  disease  germs  either  from 
within  or  from  without  the  body.  The  chemistry  of  the  expired  breath 
deserves  full  investigation  in  many  different  cases  and  circumstances. 

Gaseous  emanations  from  sewers,  drains,  cessiK)ols,  and  foul  refuse 
cause  diarrhea,  vomiting,  and  prostration,  or  a  low  state  of  health. 
Children  are  more  susceptible  than  adults,  and  when  they  breathe  the 
gases  largely  diluted  may  suffer  from  languor,  sore  throat,  and  (liar 
rhea.  These  results  may  be  due  simply  to  chemical  or  inorganic  poi- 
soning. Where  the  specific  organism  is  present,  typhoid,  epidermic 
diarrhea,  or  diphtheria  may  result.  Well- managed  sewage  farms  do 
not  seem  to  cause  illness  in  their  neighborhood.  Sodden  and  neglected 
farmyards,  on  the  other  hand,  are  both  common  and  pernicious.  A 
great  deal  of  illness,  affecting  both  man  and  animals,  arises  from  them. 
Thus  ''  circulation,"  as  in  sewage  farms,  versus  "  stagnation,^  as  in  farm- 
yards, shows  its  great  superiority,  even  where  other  circumstances  are 
apparently  adverse. 

The  air  close  to  certain  crowded  burial  grounds  has  had  a  very  bad 
effect  on  people  living  near  them ;  it  has  greatly  aggravated  any  disease 
from  which  they  suffered. 

The  effluvia  from  decomposing  corpses  produces  dysentery,  diarrhea, 
or  a  low  fever,  and  in  some  circumstances  diseases  of  a  more  severe 
character. 

SULPHURIC   ANI>    HYDROCHLORIC   ACIDS. 

Sulphuric  and  hydrochloric  acids  exist  to  a  small  amount  in  the  atmos- 
phere, but  are  not  easily  discovered  except  when  brought  down  to  the 
ground  dissolved  in  mist  or  rain.  Hydrochloric  acid  is  one  of  the  most 
soluble  gases  known,  water  at  ordinary  temperature  absorbing  five 
hundred  times  its  volume.  At  Rothamsted,  about  23  miles  from  Lon- 
don, the  sulphates  in  rain  were  0.0027  in  the  summer  and  0.0032  in  the 
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winter;  the  chlorides  were  much  less  in  sammer  than  in  winter.  The 
average  of  sulphates  in  a  certain  i)erio(i  of  thirteen  months  was  0.004, 
of  chlorides  0.0033.  Seven  samples  collected  near  Horsham,  in  Sussex, 
gave  sulphates  0.0048,  chlorides  0.0041.  A  sample  collected  on  Bart- 
moor  during  a  gale  from  the  southwest  gave  the  following  results: 
Sulphates  0.0005,  chlorides  0.0087.  Proximity  to  tbe  sea  evidently 
increases  the  chlorides  and  reduces  the  sulphates.  At  St.  Bartholomew's 
Hospital,  in  central  London,  the  sulphates  were  0.0388,  the  chlorides 
0.0179,  and  the  amounts  were  greater  in  summer  than  in  winter.  The 
quantities  of  these  impurities  in  the  air  of  a  large  town  are  much  above 
the  average  of  the  country.  The  rain  does  not  give  acid  reaction,  but 
wherever  it  is  contaminated  with  soot  it  becomes  distinctly  acid  after  a 
few  hours.  Soot,  then,  being  acid  and  becoming  moistened  by  rain, 
must  play  an  important  part  in  the  corrosion  of  buildings  and  other 
materials  on  which  it  has  been  deposited.  Experiments  were  made  by 
Dr.Hussell  by  means  of  a  conical  vessel  filled  with  ice,  to  ascertain  the 
amounts  of  imiiurities  condensed  from  air  in  London.  The  results  were 
remarkable;  sulphates  0.1344,  chlorides  0.0506,  ammonia  0.006;  and  in 
fogs  the  amounts  were  0.2480  sulphates,  0.1215  chlorides. 

ABSEiilOUS  ACID   IN  RAIK. 

A  gallon  of  rain  in  the  city  of  London  has  been  found  to  contain 
0.00021  grain  of  arsenious  acid. 

AMMONIA   IN  THE   AIK. 

Ammonia  is  always  present  in  the  air  in  minute  traces,  either  free  or 
combined.  It  is  a  chemical  compound  of  14  parts  by  weight  of  nitro- 
gen and  3  of  hydrogen,  and  arises  from  the  decomposition  of  organic 
matter.  It  is  lighter  than  air  in  the  proportion  of  8.5  to  11.47.  Although 
the  quantity  rarely  exceeds  3J  parts  in  10,000,000  of  air,  this  is  suffi- 
cient to  be  of  very  high  importance  to  the  growth  of  vegetation,  for  the 
^s  is  soluble  to  quite  an  extraordinary  amount  in  water,  and  is  thus 
sontinually  being  brought  down  from  the  atmosphere  in  rain  and  dew. 
Brandes  found,  by  evaporation  of  rain,  in  each  million  kilograms  from 
5  (May)  to  65  (January)  kilograms  of  residue,  of  which  ammonia 
salts  formed  a  considerable  portion.^  Rain,  according  to  Roussingault, 
contains  about  three-fourths  of  a  milligram  of  ammonia  per  liter,  equal 
bo  7  kilograms  per  hectare  per  annum.  Dew  contains  about  6  milli- 
^ms,  equal  to  about  29  kilograms  per  hectare  per  annum ;  fog,  about 
50  milligrams,  and  in  Paris,  138  milligrams.  Water  dissolves  from 
700  to  1,000  times  its  volume  of  ammonia,  according  to  the  temperature. 
Etei)reseuting  the  quantity  of  ammonia  in  rain  at  Valentia,  in  Western 
Ireland,  by  1,  the  quantity  inland  in  England  was  5.94,  at  Glasgow 
50.55.  Tbe  albuminoid  ammonia  was:  Valentia  1,  Manchester  7.38, 
Lfondoti  6.23. 

» Pierre. 
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In  suinmer  the  amount  in  the  air  is  highest,  in  winter  lowest  la 
large  coal-burning  towns  it  is  considerably  more  abundant  than  iu  the 
country,  and  is  deposited  with  carbonaceous,  sulphurous,  and  orgaaie 
matter  on  exposed  surfaces  during  the  prevalence  of  fogs.  Foggy  air 
in  these  towns  contains  an  excess  of  sulphates  and  chlorides,  bat  a 
still  greater  excess  of  organic  matter  and  ammonia  salts,  often  doable 
the  normal.  The  ammonia  contained  in  the  deposit  on  glass  roofs  in 
Chelsea  and  Kew  after  fogs  was  respectively  1.4  and  1.1  per  cent.  The 
processes  of  combustion,  both  in  manufactories  and  in  domestic  fires, 
of  coal  and  of  coal  gas,  give  rise  to  ammonia. 

Only  traces  of  ammonia  are  evolved  from  the  lungs,  and  a  little  fron 
the  skin  and  in  perspiration. 

The  smell  of  ammonia  is  distinguishable  in  most  stables,  but  where 
strong  we  may  be  sure  that  ventilation  is  deficient.  Main  streets, 
especially  where  wooden  pavements  are  used,  often  smell  offensively  of 
ammonia;  on  still,  dry  days  the  ammoniacal  dust  is  thick  in  the  air, 
and  in  windy  weather  is  blown  about  in  clouds.  Analysis  has  shown 
that  95  per  cent  of  the  dust  from  wooden  pavements  iu  main  Loadon 
thoroughfares,  consists  of  horse  dung.  This  is  breathed  into  the  laags 
and  often  x)roduces  sore  eyes  and  sore  throat.  Such  pavements  should 
either  be  kept  scrupulously  clean  throughout  the  day  or  be  properly 
watered,  in  order  to  reduce  harmful  dust,  and  an  occasional  coating  of 
tar  would  not  only  prevent  the  emanation  of  noxious  matter,  but  would 
preserve  the  wood. 

Ammonia,  being  everywhere  present  in  the  air  and  extremely  soluble 
in  water,  may  truly  be  said  to  be  attached  to  all  exposed  surfaces  where 
moisture  is  also  present;  in  the  neighborhood  of  human  habitations 
and  decaying  animals  or  vegetable  matter  it  has  been  found  on  all 
objects;  in  a  room,  if  a  perfectly  clean  glass  be  suspended,  traces  of  it 
appear  after  an  hour  and  a  half.  Evolved  in  small  quantities  from  the 
skin  and  lungs,  it  must  be  deposited  with  condensed  vapors  on  the 
walls,  ceilings,  and  floors  of  dwelling  houses. 

NITRIC   ACID   IN   THB  AIR. 

Nitric  acid  also  pervades  the  air  in  minute  quantity,  and,  with  ammo- 
nia, plays  a  great  part  in  the  development  of  i)lants.  It  results  partly 
from  the  combination  of  nitrogen  and  oxygen  in  the  atmosphere  caused 
by  thunder  storms  and  partly  by  the  oxidation  iu  loamy  soil  of  the 
ammonia  of  decomposing  organic  matter.  It  seems  probable  that  many 
forms  of  bacteria  or  molds  may  be  favored  in  their  growth  by  the 
presence,  with  moisture,  of  these  two  nitrogenous  substances.  Within 
human  habitations,  cow  sheds,  etc.,  we  must  regard  the  walls,  and  all 
surfaces  as  covered  with  a  thin  top-dressing  of  moist  organic  dust  and 
ammonia.  Within  the  soil  ammonia  appears  to  be  oxidized  to  nitrites 
by  one  set  of  microorganisms,  while  another  set  oxidizes  nitrites  to 
nitrates.    To  the  latter  the  presence  of  anmionia  is  a  hindrance. 
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i)CAL    GASKOUS    IMPURITIES — BULPHURETKD    HYDROGEN — SEWER    AND    DRAIN  AIR. 

When  certain  animal  and  vegetable  matter  undergoes  decay,  the 
small  quantity  of  sulphur  which  it  contains  combines  with  hydrogen 
imd  forms  the  gas,  sulphureted  hydrogen,  which,  even  in  mere  traces, 
is  very  ofiensive  to  the  sense  of  smell.  It  also  forms  some  offensive 
organic  sulphides.  The  sulphureted  hydrogen  gas  set  free  often  bears 
with  it  germs  of  disease,  so  that  it  has  been  treated  as  a  danger  signal. 
Drain  or  sewer  air,  however,  does  not  always  contain  the  gas  in  appre- 
ciable amount,  when  dangerous  germs  are  being  given  off,  and  the 
faint  smell  of  an  old  filth  deposit  may  exceed  in  morbific  effects  the 
anpleasant  odor  of  fresh  putrefactive  processes.  Nor  does  sewer  air, 
even  if  it  be  poisonous,  often  contain  virulent  germs  of  disease.  Dogs 
and  horses  are  rapidly  prostrated  by  1.25  to  4  volumes  of  sulphureted 
hydrogen  per  1,00()  of  air,  but  men  can  breathe  a  larger  quantity.  In 
large  doses,  nausea,  headache,  convulsions;  in  small  doses,  low  febrile 
symptoms  follow  its  inhalation.  The  frequent  inhalation  of  small  doses 
produces  chronic  poisoning;  1  per  cent  is  at  once  destructive  of  life. 

The  air  over  some  of  the  most  pestilential  marshes  in  Italy  contains 
an  anusaally  large  quantity  of  the  gas.  In  mines  it  produces  convul- 
sive, narcotic,  and  tetanic  symptoms. 

SULPHUROUS   ACID. 

Sulphurous  acid  in  the  air  of  cotton  and  worsted  manufactories  appar- 
ently tends  to  produce  bronchitis  and  anaBmia.  It  destroys  vegetation 
in  the  neighborhood  of  copper  works. 

CARBURETED  HYDROGEN. 

Carbureted  hydrogen,  breathed  in  small  quantities,  as  in  the  air  of 
flome  mines,  does  not  seem  to  cause  ill  effects,  and  experiment  has 
^bowu  that  for  a  short  time  it  can  be  breathed  in  the  proportion  of  one 
^olnme  to  four  of  air, 

HYDROCHLORIC  ACID. 

Hydrochloric  acid  vapor  is  very  irritating  to  the  lungs.  In  some 
"ocesaes  of  making  steel  this  gas,  with  sulphurous  and  nitrous  acids 
id  chlorine,  cause  bronchitis,  pneumonia,  destruction  of  lung  tissue, 
id  eye  diseases  among  the  workers.  It  destroys  vegetation  for  a  long 
stance  when  given  off  in  large  quantities  from  manufactories. 

CARBON  BISULPHIDE. 

Carbon  bisulphide  vapor,  given  off  in  vulcanized  india-rubber  facto- 
rs, produces,  in  those  exposed  to  it,  headache,  giddiness,  pains  in  the 
abs,  nervous  depression  or  excitement,  and  complete  loss  of  appetite. 
Carbon  monoxide  is  a  very  poisonous  gas  arising  from  the  cousump- 
m  of  coal,  coke,  coal  gas,  and  especially  charcoal.  Less  than  0.5  per 
Dt  is  fatal  to  animals.  Fatal  consequences  from  the  use  of  charcoal 
>ves  where  ventilation  is  defective  are  common  in  some  countries. 
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Carbonic  oxide  is  given  off  by  iron  works,  brick  fields,  copper  famaoes, 
and  cement  works.  It  is  dangerously  present  in  the  cheap  il]aminat- 
ing  gas  known  as  "water  gas.^' 

ORGANIC  VAPORS. 

Organic  vapors  of  various  composition  are  given  off  by  marshes,  vet 
forest  ground,  ^^made  soil,"  soil  containing  organic  matter  under  warm 
sand,  and  by  many  manufactories  for  the  conversion  of  animal  refiiiie^ 
etc.  The  effluvia  from  tanneries,  glue  and  soap  works,  slaughter- 
houses, pigstyes,  etc.,  are  apt  to  lower  the  health  of  people  living 
near  them  and  to  aggravate  disease. 

SOLID  ARTIFICIAL  IMPURITIES. 

Many  severe  forms  of  disease,  especially  of  the  respiratory  orgaDS, 
are  caused  by  the  dust  inhaled  in  various  trades  and  occupations 
These  are  generally  proportionate  to  the  sharpness  and  angularity  of 
the  dust  and  its  quantity.  Goal  dust  is  among  the  least  harmfuL 
Among  lead  miners,  bronchitis  and  lead  poisoning;  in  copper  miners 
gastric  disorders;  in  pottery  works,  in  stone  cutting,  steel  grinding,  in 
flax  and  cotton  factories,  in  shoddy  works,  and  in  metal  polishing,  lung 
diseases  are  common,  and  the  death  rate  is  high. 

Thus  the  comparative  mortality  of  file  makers  was  300  compared  with 
108,  that  of  gardeners;  of  eartheu ware  .makers  314,  compared  with 
139,  that  of  grocers;  of  cutlers  and  scissors  makers  229,  compared  with 
129,  that  of  paper  makers.  The  dust  of  soft  woods  and  of  flour  seems 
to  have  little  bad  effect. 

As  regards  phthisis  and  lung  diseases  the  figures  of  several  trades 
are  as  follows,  when  compared  with  fishermen,  100:  Carpenters,  170; 
bakers,  201;  cotton  workers,  274;  file  makers,  396;  stone  and  slate 
quarrymen,  294;  pottery  makers,  565;  northern  coal  miners,  166.  The 
injuriousness  of  the  dust  in  cotton  mills  is  increased  by  the  use  of 
mineral  substances  for  sizing.  The  mortality  of  cutlers,  etc,  from 
these  diseases  is  almost  as  great  as  that  of  fishermen  from  all  causes 
put  together,  including  accidents.  The  comparative  exemption  of  col- 
liers in  well -ventilated  coal  mines  deserves  investigation,  for  there 
would  appear  to  be  some  ground  for  the  supposition  that  it  may  be 
owing  to  an  inhibit! ve  action  of  this  particular  dust  upon  the  develop- 
ment of  tuberculosis;  on  the  other  hand,  it  maybe  simply  through 
living  in  fairly  good  air  of  an  even  temperature,  where  the  specific 
germs  of  phthisis  are  few  or  absent.  The  homes  of  the  men  are  gen- 
erally comfortable,  and  much  larger  fires  are  kept  up  than  in  the  south, 
so  that  their  rooms  are  dry  and  well  ventilated. 


ve  to  dryness,  moisture,  heat,  cold,  and  sunlight,  aud  a  study  of 
stations  to  tbe  atmosphere  has  led  and  will  lead  to  results  of  the 
ghest  importance  to  human  welfare.  Many  of  them  reach  the 
body,  uix)n  which  tliey  lodge,  through  the  air;  many  are  partly 
iHl  outside  the  body  by  the  gases  aud  moisture  which  the  air 
to  the  seat  of  their  growth.  But  as  a  whole  the  pure  atmosphere 
energetically  and  uuceasingly  for  their  destruction ;  dry  air  and 
it  deprive  most  species  of  disease  organisms  of  their  vitality. 
reat  generalization  may  best  be  appreciated  by  a  brief  review 
principal  endemic,  epidemic,  and  pandemic  maladies  to  which 
nan  race  is  subject,  dealing  especially  with  the  manner  in  which 
re  developed,  restrained,  diffused,  or  annihilated  by  the  qualities 
air. 

obes  have  been  divided  into  two  main  classes,  aerobic  and 
bic,  the  first  growing  best  in  the  presence  of  air  and  the  second 
g  best  in  substances  and  in  positions  to  which  free  air  has  no 

i  of  the  first  class,  such  as  the  hay  bacillus  (subtilis),  grow  best 
ith  a  copious  supply  of  air;  some  grow  better  when  the  air  sup- 
sot  large  than  when  free  air  is  admitted;  some  of  the  second 
an  grow  in  the  absence  of  free  air,  but  thrive  more  when  some 
dmitted;  and  otiiers,  which  are  fully  auaerobic,  grow  only  when 
-  or  oxygen  is  shut  off.  Examples  of  these  last  are  the  bacillus 
[>tomatic  anthrax,  of  tetanus,  and  of  the  malignant  cedema  of 

■ge  class  of  bacilli  or  bacteria  are  killed  by  dry  air,  by  light,  by 
il  heat,  and  by  prolonged  intense  cold,  bat  are  capable,  when 
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Spore  formation  takes  place  at  temperatures  between  16*^  and  45^  C, 
and  these  are  in  general  the  extreme  limits.  Bacilli  which  do  not 
form  si>ores — for  instance,  those  of  typhoid  fever,  glanders,  and  fowl 
cholera — are  easily  killed  outside  the  body  by  a  number  of  natimil  and 
artificial  agencies.  Among  these  agencies  the  most  efficacious  are 
drying,  exposure  to  dry  air  and  oxygen,  high  temx>erature,  sanlight, 
the  presence  of  other  species  of  microbes,  the  poisons  evolved  by 
themselves  or  by  other  species,  cold  weather,  exhaustion  of  their 
appropriate  nutriment,  and  various  inimical  substances  which  inhibit 
growth  or  actually  kill.  In  the  very  fatal  diseases  of  cattle  known  as 
anthrax,  and  when  transferred  to  mankind,  as  wool  sorter^s  disease,  the 
bacilli  which  infect  the  blood  of  the  dead  animal  are  killed  by  men 
drying,  without  exposure  to  air  5  but  if  the  blood  be  for  some  little  time 
exposed  to  the  air,  spores  are  formed  which  may  remain  upon  the  pas- 
ture, or  upon  wool,  or  hides,  or  elsewhere,  and  infect  fresh  cattle  or 
human  beings  at  some  distant  date.  The  putrefactive  process  in  the 
carcass  also  kills  the  bacilli,  but  will  not  kill  the  spores  if  these  are 
allowed  to  be  formed. 

Anthrax  is  known  to  be  in  many  cases  communicated  through  the 
air  from  one  animal  to  another *or  to  man,  and  among  wool  sorters, 
butchers,  and  others  enters  the  body  through  a  wound,  or  by  the  lungs, 
or  by  the  alimentary  canal.  * 

Spore  formation  is  generally  favored  by  a  copious  supply  of  oxygei. 
It  is  a  process  by  which  the  degeneration  and  destruction  which  takes 
place  in  a  colony  of  nouspore-bearing  bacilli  is  prevented,  and  by  whicii 
the  seeds  are  set  adrift,  to  be  planted  and  grow  again  into  bacilli  io 
more  favorable  surroundings. 

The  process  of  growth  from  a  spore  into  a  bacillus  has  been  experi- 
mentally observed  in  favorable  conditions  to  be  completed  in  periods 
varying  from  half  an  hour  to  two  hours.  The  bacillus  introduced  into 
an  appropriate  medium  multiplies  by  fission  at  an  enormous  rate,  so 
that,  for  instance,  248  microbes  of  the  pathogenic  si)ecies  Staphylococcfu 
pyogenes  aureus  in  a  cubic  centimeter  increased  to  20,000,000  in  twenty- 
four  hours,  and  20,000  bacilli  of  fowl  cholera  multiplied  in  the  blood  of 
a  rabbit  to  about  1,200,000,000  in  twenty  hours. 

Microbes  vary  greatly  in  size  not  only  between  classes  and  species, 
but  between  individuals,  according  to  the  medium  and  circumstances 
of  growtb.  Ordinary  dimensions  lie  between  about  0.5  and  5  micro- 
millimeters  in  length  and  0.1  to  0.5  in  breadth.  The  spores  are  in 
many  cases  much  smaller.  Clearly,  an  organic  living  dust  of  less  than 
one  thousandth  of  a  millimeter  in  diameter  is  cax)ab1e  of  existing  in 
great  numbers  on  very  small  areas,  even  on  small,  almost  invisible,  dust, 
and  of  being  wafted  long  distances  by  gentle  aerial  movements  with- 
out sinking.  In  perfectly  still  air  inclosed  in  a  box  in  the  laboratory 
Tyudall  found  that  all  visible  dust  sank  within  three  days,  and  nutri- 
ent media  then  exposed  were  unaffected  by  bacterial  growths,  so  that 


.^1 


kinds.    Light  dast  falls  at  so  slow  a  rate  through  the  viscous  air  | 

sveu  in  a  room  the  downward  motion  is  scarcely  perceptible;  yet 
iew  hours  all  the  grosser  particles  are  deposited  if  drafts,  move- 
j  and  shaking  of  the  room  are  prevented.  Most  pathogenic 
)bes  are  carried  down  with  this  dust  or  sink  of  their  own  gravity, 
soon  subside,  but  in  ordinary  conditions  there  is  too  much  dis- 
ince  to  permit  effective  purification  by  subsidence.  The  light  dust 
le  volcano  Krakatoa,  which  was  visible  as  a  haze,  took  a  year  to  i   j  ! 

ven  out  of  the  rare  upper  strata,  and  many  disease  microbes  are 
lly  small,  and  fall  still  more  slowly  through  the  dense  strata  near  |  j    | 

g;ronnd.    Particles  of  smoke  may  perhaps  be  compared  with  the  I      | 

B8  of  bacteria,  and  tobacco  smoke  not  only  floats  long  in  the  air  of 
mi,  but  passes  through  passages  and  through  chinks  into  rooms 
e  and  below. 

DODg  animal  diseases  of  an  intensely  infectious  character  and  dis- 
cos to  agriculture,  cattle  plague,  pleuropneumonia,  and  footand- 
h  diseases  are  perhaps  foremost.  Two,  at  least,  of  these  are  com- 
cated  not  only  by  infected  articles,  but  by  transmission  through 
T  a  short  distance  of  particles  derived  from  an  actual  or  i)revious 
These  diseases,  or  some  of  them,  have  formerly  been  widely  held 
ne  from  some  unusual  epidemic  constitution  of  the  air,  but  they 
low  thoroughly  proved  to  be  preventable  by  the  admission  of 
Y  of  external  air  and  rigid  precautions  against  contact  or  prox- 
of  infected  articles.  They  are  frequently  spread  by  attendants 
ig  from  one  herd  to  another  without  complete  systematic  disin- 
n ;  frequently  also  by  imperfectly  disinfected  sheds.  No  animal 
e  has  been  proved  to  be  capable  of  passing  effectually  through  a 
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animals  depends  to  a  very  high  degree  npoD  the  absence  of  proi)er  ven- 
tilation and  nx>on  proximity  to  each  other.  In  the  open  air  and  wild 
life  it  does  not  seem  to  occur.  It  has  been  well  ascertained  that  the 
microbes  of  cattle  plague  may  cling  so  persistently  to  infected  plaees 
tbat  whitewashing,  scraping,  and  ordinary  disinfection  may  l>e  insuffi- 
cient. Similarly,  tuberculosis  of  cattle  occurs  again  and  again  in  par 
ticular  stalls,  showing  that  the  infective  matter  remains  in  a  virulent 
condition  on  the  walls,  floor,  or  ceiling,  and  probably  infects  not  ouly 
by  contact,  but  through  air.  The  breath  of  the  animal  condensed  on 
the  walls  would  no  doubt  form  pabulum  for  the  incre^ise  of  auy  rem- 
nants of  a  former  multitude  which  might  light  upon  them  or  emerge 
from  the  pores  of  the  material.  In  France,  epizootics  greatly  increased 
after  the  introduction  of  railways,  owing  to  emanations  from  and  con- 
tact with  incompletely  disinfected  cattle  trucks,  yards,  sheds,  etc,  and 
the  diffusion  of  infectious  cases  by  increased  movement. 

INSUFFLATION  OF  ANTHRAX,  ETC. 

The  inbreathing  of  the  bacilli  of  cowpox,  anthrax,  clavelee,  and  sup- 
puration is  sufficient  to  give  each  of  these  diseases  to  sheep  and  cattle. 
But  there  is  no  evidence  to  show  that  any  animal  plague  is  transmissi- 
ble through  any  long  distances  of  air  or  by  the  general  atmosphere;  on 
the  contrary,  animals  are  in  thousands  of  instances  kept  within  a  mile 
or  less  of  others  which  are  stricken,  and  with  due  precautions  remain 
well. 

TUBERCULOSIS. 

Many  of  the  epizootic  diseases  which  occur  in  animals  may  be  trans- 
mitted to  men,  but  they  often  occur  in  a  modified  form  and  are  either 
more  or  less  severe.    Some  may  have  been  originally  human  maladies. 
Fifteen  at  least  are  said  to  be  thus  interchangeable.     The  most  im- 
portant, widespread,  and  fatal  of  these  is  consumption,  phthisis,  or 
tuberculosis.     The  bacillus  tuberculosis  kills  about  1   in  8  of  the 
population  of  Great  Britain  and  America,  and  about  an  equal  propor- 
tion, one-seventh,  according  to  a  very  high  authority  (Hirsch)  of  the 
people  of  the  majority  of  other  civilized  countries.    It  is  the  greatest 
and  most  constantly  present  plague  of  man.    It  has  been  considered 
inera<licable,  constitutional,  hereditary,  and  attributed  by  many  author- 
ities to  some  vice  in  the  atmosphere.    Now,  we  know  that  it  is  a  nation- 
ally self-inflicted,  unnecessary,  and  preventable  pestilence,  of  which  the 
great  and  certain  prophylactic  is  pure  air  in  plenty ;  no  foul  air,  foal 
dwellings,  and  overcrowding.    Overcrowding,  the  rebreathingof  expired 
air,  dirty,  dusty  dwellings,  moist  or  organically  polluted  walls,  floors, 
ceilings,  and  furniture,  and  the  careless  habit  of  spitting  account  for  a 
very  large  part,  perhaps  the  majority,  of  cases  of  consumption.    The 
breath  in  fetid  air,  the  emanations  from  cultures  of  the  bacillus  on  the 
walls,  curtains,  carpets,  etc.,  and,  most  potently,  the  dust  of  the  dried 


from  the  dauger  of  tuberculous  milk.  The  breath  of  tlie  coii- 
ive  ill  wetl'Veutilated  rooms  may  he  cousidered  harmless. 
Us  have  beeu  infected  by  breathing  the  dust  of  spatum  dissem- 
.  in  the  air,  aod  uo  donbt  tlie  same  mode  of  infection  is  very 
[>n  among  mankind,  but  only  in  close  association  witii  the  »ick  or 
tfy  apartments.  The  State  board  of  health  of  Maine  has  issued 
l)]e  instructions  to  prevent  the  practice  of  expectoration  except 
ttooDB,  which  may  be  wooden  or  pasteboard,  and  ahould  either  be 
d  daily  or  cleansed  with  boiling  water  and  potash  soap. 
>  reduction  of  conaamptioii  by  such  means  and  by  better  regard 
ntilation  is  not  only  probable,  but  certain.  In  England  the  death 
las  considerably  declined  with  sanit-ation.  From  1851  to  18C0  it 
!,679  i>er  million  per  annum.  In  1888  it  was  1,541.  In  New 
ishire,  United  States,  the  deaths  from  the  several  diseases  named 
as  follows:  From  1884  to  1883,  consumption,  4,039;  diphtheria 
roup,  983;  tyi>hoid,  750;  scarlatina,  187;  measles,  160;  whoop- 
Qgh,  109;  smallpox,  2.  Here  the  very  large  proportion  of  deaths 
)  consumption,  and  the  importance  of  effecting  a  reduction,  are 
igly  shown;  but  a  similar  proportion  exhibits  itself  in  every 
Y  inhabited  State,  both  in  Europe  anil  America, 
ins  occupied  by  consumptives  should  be  periodically  disinfect«d 
ways  kept  clean.  Tlie  danger  is  there,  but  it  can  be  averted.  The 
ence  of  the  Brompton  Hospital  shows  that  with  proper  hygienic 
itious  cases  of  infection  from  patients  are  very  rare.     Koch  has 

that  enonoous  multitudes  of  bacilli  may  be  distributed  on  the 
d  and  in  the  air  from  only  one  patient,  and  how  infection  is 
ned  bv  their  lontr  survival  in  a  moist  or  drv  state.    Cornet 
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The  mortality  of  the  British  army  in  barracks  from  cousainptiouii 
the  ten  years  1837  to  1846  was  11.9  per  thousand.  After  the  repoito 
a  royal  commission  in  1858,  ventilation  and  air  space  were  greatl; 
extended,  and  the  mortality  immediately  and  rapidly  fell;  in  1888th 
consumption  rate  was  only  1.2  per  thousand. 

The  disease  prevails  more  on  wet,  cold,  clayey  ground  and  dampplaei 
generally  than  on  high  and  dry  sites,  and  all  causes  of  chills  and  csok 
give  an  opiwrtunity  to  the  infection  of  the  specific  bacilli  where  ih 
are  present  in  sufficient  numbers  and  strength. 

Cold  countries  are  rather  less  subject  to  the  disease  than  tempen 
and  warm  climates,  but  everywhere  the  most  important  factors  are  ti 
habits  of  thepeople.  A  moist  atmosphere,  with  wide  daily  range  of  te 
perature,  favors  its  prevalence.  In  Greenland,  Labrador,  Iceland,  Spii 
bergen.  Nova  Zembia,  Finland,  Siberia,  and  the  northern  parts  of  Koi 
America  the  disease  has  been  rare;  also  especially  on  mountain  rang) 
high  plateaus,  and  little- visited  districts,  such  as  the  Soudan. 
Algeria  the  nomad  Arabs  were  free  from  it.  The  Bedouins  w 
exchange  their  tents  for  stone-built  houses  suflfer  to  some  extes 
Many  uncivilized  tribes  are  exempt  until  they  adopt  the  clothes  a 
way  of  living  of  civilization.  Outdoor  life  in  the  free  air,  and  clei 
spacious  sleeping  quarters  almost  or  quite  annihilate  consumption 
animal  sources  are  excluded.  Soldiers  on  campaign,  fishermen, hante 
engine  drivers,  gardeners,  and  farm  laborers  are  least  attacked ;  work< 
in  gritty  stone  or  metallic  dust,  in  hot,  close,  crowded,  and  dai 
rooms  or  factories  or  mines,  and  dwellers  in  damp  houses,  back-to-ba 
houses,  and  close  courts  furnish  the  largest  numbei  of  victims, 
the  old  town  of  Havre,  with  its  airless,  narrow  streets,  the  mortality 
three  times  as  great  as  in  other  parts  of  the  town. 

It  has  been  shown  that  in  i^roportion  as  a  population,  male  aud  femii 
is  drawn  to  indoor  occupations,  the  death  rate  from  consumpti 
increases. 

An  elaborate  investigation  for  official  purposes  by  Dr.  Ogle  sho^ 
the  mortality  from  phthisis  aud  lung  diseases  of  men  from  45  to 
years  of  age  working  in  pure  and  vitiated  air  in  England,  to  be  as 
lows: 


PhtbisiH. 

other 
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easea.    j 
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50 
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56 

A gricnlttiral  laborers 

79 
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66 
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94 

Printers 
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authorities  on  tlie  gruuoda  tliat  nonvolatile  substaiices  can  not  be 
ed,  tliat  many  good  observers  have  failed  to  find  tbem,  and  tliat 
!  observed  errors  may  have,  crept  into  the  exi)eriiiienta.  But 
t  himself  has  shown  tliat  the  bacilli  are  exhaled  in  small  numbers 
tieDts,  and  that  they  and  their  spores  are  given  off  in  great  nnm- 
Toni  handkerchiefs,  bed  linen,  famitnre,  floors,  etc.,  of  rooms  in 
consumptive  jiersons  live. 

in  has  shown  that  guinea  pigs  exposed  to  a  spray  of  tubercular 
r  in  the  air,  or  else  kept  in  the  shaft  of  a  ventilator  in  a  eonsunip- 
ospital,  acquire  the  disease.  It  has  been  proved  by  Straus  that 
iof  consumptive  patients  have  tubercle  bacilli  deposited  on  their 
ling  organs.  Tliese  last  experiments  are  not  proofs  i>f  the  exba- 
of  tlie  fatal  microbes.  But  we  have  the  most  convincing  proof 
ryday  fa4:ts  of  the  i>os8ibility  of  the  exhalation  of  the  bacilli  or 
of  several  infectious  maladies.  The  breath  is  one  of  the  most 
on  vehicles  of  transference  of  infection  from  person  to  person. 
>ver,  Ransome  finds  much  iudiHusible  organic  matter,  sncli  as 
lial  scales,  in  the  condensed  aqueous  vapor  of  tlie  breath.  The 
I  of  coHSumpiives,  however,  contains  very  few  bacilli,  and  the 
les  of  sputum  which  fall  from  the  mouth  in  exi>ectoration  or  in 
ing  are  more  dangerous. 

ercniosis  has  been  pnxliiced  in  animals  by  causing  them  to  inhale 
iatdl  by  subjects  of  phthisis.  Glass  slides,  wetted  with  glycerin, 
the  presence  of  tubercle  bacilli  in  the  air  of  consumption  hos- 
Tuberculous  particles  inhaled  are  found  to  be  more  capable  of 
ng  than  particles  swallowed.    The  air  does  not  often,  at  any  rate, 
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air,  good  and  well-cooked  food,  cleau  dwellings  and  clean  b3Tes,aiida 
segregating  or  specially  controlling  and  caring  for  affected  individoak 
Close  courts,  back-to-back  houses,  damp  cott^rges,  tuberculoas  meat  and 
milk,  overcrowding,  and  dusty  occupations  in  heated  air  deserve  either 
total  condemnation  or  most  rigid  precautious.  Booms  should  be  eon- 
structed  so  as  to  be  easily  and  frequently  cleaned  and  constantly  aired. 
The  habit  of  wetting  envelopes,  ledger  pages,  etc.,  from  the  month 
should  be  prohibited.  Notification  «f  cases  should  be  required  as  in 
other  infectious  diseases.  Light,  air,  space,  exercise,  and  cleanliness 
should  be  made  easy  of  attainment  and  common  to  every  human  being. 

TYPHUS. 

Another  disease  intimately  associated  with  bad  air  and  with  crowded 
dwellings  is  typhus.  It  does  not  arise  at  all  among  persons  living  in 
the  open  air  and  in  well-ventilated  rooms,  but  spreads  with  fatal  effect 
in  the  crowded,  dirty  apartments  of  the  poor,  in  filthy  jails,  ships,  and 
lodging  houses.  The  disease  was  formerly  very  destructive  in  England, 
infesting  the  prisons,  and  was  sometimes  communicated  to  judges  and 
lawyers  into  whose  i)resence  prisoners  were  brought;  but  better  con 
ditions  of  living,  gi*eater  cleanliness,  and  more  regard  for  ventilation 
have  resulted  in  its  almost  complete  extermination.  So  sensitive  is  tiie 
microbe  to  fresh  air  and  disturbance  of  foul  surfaces  that  the  crowding 
and  dirt  which  remain,  bad  as  they  are,  are  scarcely  sufficient  to  main 
tain  its  virulence.  Typhus  is  not  conveyed  far  by  the  air,  and  as  a  rule 
only  infects  those  who  are  very  near  to  the  victim.  All  the  staff  of  the 
Fever  Hospital,  in  London,  were  attacked  at  some  time  through  this 
infection,  but  during  eight  years  no  case  occurred  among  the  staff  of 
the  Smallpox  Hospital,  which  was  in  close  proximity.  Even  the  attend 
ants  in  typhus  wards  run  little  risk  when  these  are  spacious,  well  venti 
lated,  and  not  overcrowded.  Poisonous  microbic  emanations  from  the 
lungs  and  skin  are  thus  in  an  almost  incredible  space  of  time  rendered 
harmless  by  the  action  of  fresh  air. 

The  winter  has  generally  been  the  season  of  greatest  prevalence  of 
typhus,  owing  i>robably  to  the  greater  distress  and  crowding  in  the  cold 
months.  The  infection  remains  for  some  time  on  clothing,  walls,  etc., 
so  that  the  air  does  not  apparently  disinfect  or  destroy  where  the 
organism  has  sufficient  moisture  and  nourishment. 

THE  PLAGUE. 

The  plague,  a  very  severe  pestilence  which  has  been  common  in  the 
East  and  in  IN^orth  Africa,  and  has  visited  Europe  with  the  most  appall- 
ing mortality,  arises  in  districts  where  filth  abounds  to  the  most  extent, 
where  dwellings  are  overcrowded,  and  where  famine  and  undernourish- 
ment are  frequent.  It  is  both  miasmatic  and  ccmtagious.  In  1603  it 
hardly  ever  entered  a  house  but  it  seized  all  living  there.  Prolonged 
breathing  of  the  sick-room  air  was  the  most  effectual  means  of  infection. 
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.  moderately  high  temperature  is  most  favorable  to  the  breeding  of 
lis  pest;  above  86^  F.  it  declines.  Moist,  alluvial  soils;  the  banks  of 
reat  rivers,  such  as  the  Nile  and  Euphrates;  a  warm,  humid  air;  great 
ccumulations  of  putrefying  animal  and  vegetable  matter  in  the  vicin- 
y  of  dwellings;  dwellings  surrounded  by  heaps  of  manure  and  almost 
ermetically  sealed — these  are  conditions  favorable  to  the  growth  of 
lague.  Once  started,  it  spreads  by  infection  much  after  the  manner  of 
fphus.  Care  for  the  pnrity  of  air  in  and  around  dwellings  abolishes 
blague  altogether,  as  has  been  proved  locally  in  the  Himalayas  and 
lenerally  in  the  retrogression  of  the  disease  from  Europe. 

CHOLERA. 

Cholera  is  to  a  great  extent  a  disease  of  air  poisoning.  It  arises 
rom  the  soil  in  certain  districts  of  India,  where  it  is  endemic,  and  from 
rbich  it  occasionally  has  the  opportunity,  through  favoring  climatic 
Dfluenees  and  the  movements  of  travelers,  of  invading  temx)erate 
egionSy  in  which  it  may  cause  great  mortality  in  a  few  seasons,  but 
an  hardly  establish  itself  permanently  in  the  soil  or  water.  It  does 
ot,  as  was  long  supposed,  travel  from  place  to  place  through  the  air, 
Dd  has  no  epidemic  existence  beyond  its  breeding  places  apart  from 
nman  agency.  The  cholera  microbe,  the  comma  in  all  probability, 
drives  in  a  damp,  organically  polluted  soil,  such  as  that  of  the  delta 
f  the  Ganges  and  the  flat  lands  around  Madras,  Bombay,  and  Shang- 
ai;  of  the  valleys  of  the  Brahmaputra,  the  ISTerbudda,  the  Tapti,  the 
ndus,  and  the  Euphrates,  and  in  a  temperature  of  from  25^  to  40^  C. 
Q  the  delta  of  the  Ganges  the  temperature  of  soil  and  air  appears  to 
e  so  favorable  that  it  never  dies  down ;  at  Shanghai  it  regularly  infects 
tie  air  and  water  after  the  heat  of  July  and  August.  It  is  aerobic.  A 
reezing  temperature  prevents  its  growth,  but  does  not  destroy  it.  Kept 
loist,  it  may  live  for  months  after  growth  has  ceased;  dried  for  a  few 
ours,  it  dies.  In  temperate  climates  it  is  spread  by  the  entrance  into 
rater  and  air  of  the  organisms  derived  from  growth  in  the  dejections 
f  cholera  patients,  some  cases  being  only  recognized  as  diarrhea^  but 
tiU  being  capable  of  spreading  the  poison.  The  destruction  of  the 
iejeeta  is,  therefore,  the  safeguard  in  all  cases.  The  power  of  exten- 
ion  of  cholera  through  the  air  alone  in  the  neighborhood  of  cholera 
katients  where  due  hygienic  precautions  are  observed  is  very  small, 
mt  every  article  used  must  be  washed  or  sterilized.  The  general 
tmosphere  does  not  convey  it  either  from  person  to  person  or  from  soil 
0  soily  unless,  possibly,  in  rare  cases  and  for  a  short  distance.  In  fact, 
ree  air,  unless  very  humid,  soon  kills  it.  The  atmosphere  of  the  Gan- 
:etic  delta,  the  chief  endemic  area  of  cholera,  is  remarkably  damp. 
liere  are  probably  a  number  of  places  in  India  where  the  soil  is  to 
ome  extent  infected,  but  where  mischief  arises  only  in  certain  seasons. 

The  conditions  of  soil  and  air  favorable  to  the  growth  and  exhala- 
ion  of  the  cholera  germ  may  be  concisely  summed  up  as  follows; 
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Permeability  of  soil  to  air,  moisture  of  soil  not  excessive,  averaj,'e  soil 
beat  Jit  0  feet  deep  about  79^,  a  moderate  amount  of  conti\ined  organic 
matter,  and  little  putrefaction  or  ordinary  decomi)osition ;  mean  auiiual 
temperature  of  air  about  72^  F.  The  minimum  water  level,  otherwise 
the  maximum  of  soil  ventilation,  and  the  maximum  of  cholera  coincide. 
Dry  or  saturated  soil  are  unsuitable  for  the  continuous  growth  of  the 
bacillus. 

DIARRHEA. 

In  an  inquiry  conducted  about  thirty-five  years  ago'  I'egarding  tlie 
prevalence  of  diarrhea,  a  disease  which  in  England  is  fatal  to  very 
large  numbers  of  children,  it  was  found  that  there  are  districts  in 
which  endemic  diarrhea  is  unknown,  and  others  in  which  it  prevails 
extensively  every  year.    The  excess  of  mortality  coincided  in  all  cases 
with  one  of  two  local  conditions,  the  tainting  of  the  atmosphere  with 
the  products  of  organic  decomposition,  especially  human  excrement, or 
the  habitual  drinking  of  impure  water.    Since  the  time  of  the  reiwrta 
large  amount  of  evidence  has  accunmlated  which  goe^  to  prove  that 
summer  or  infantile  diarrhea  is  caused  by  the  infection  of  air  and 
food  by  emanations  from  a  damp  organically  contaminated  soil  raised 
above  a  certain  tcmj^erature.    Houses  built  on  or  near  a  subsoil  <K)n 
taining  decomposing  organic  matter,  or  where  sewers  leak,  are  partica 
larly  subject  to  diarrhea.    The  nature  of  the  soil  is  important.    Sand, 
loose  line  gravel,  deep  mold,  and  permeable  soils  generally,  where 
organic  matter  is  abundant,  are  productive  of  the  disease;  houses  built 
upon  rock,  without  fissures,  are  generally  altogether  exempt.    "Made 
ground,"  containing  organic  rubbish,  on  which  so  many  houses  in  the 
outskirts  of  large  towns  are  built,  emits  products  of  decomposition  into 
the  interior  of  houses  and  is  a  fruitful  source  of  suflfering.     The  prac- 
tice of  building  on  rubbish  heaps  should  be  made  a  criminal  oft'ense. 
The  absence  of  free  ventilation  within   and  around   houses  greatly 
increases  the  mortality  from  this  cause.    Deep  drainage  has  been  fol- 
lowed by  a  marked  fall  in  the  prevalence  of  the  disease.    Paving, 
impervious  flooring  in  houses,  cleanliness  in  the  storage  of  food,  with 
ventilation,  are  important  measures  for  its  reduction.     Purity  of  air, 
indeed,  in  this  as  in  so  many  other  cases,  is  the  remedy  to  be  sought 

Diarrhea  in  the  ei)idemic  form  arises  under  conditions  very  similar 
to  those  of  cholera.  It  may  be  in  fact  a  very  near  relation  of  that 
microorganism,  but  is  milder  in  its  eflfects  and  has  the  quality  of 
developing  at  lower  temperatures.  When  polluted,  damp  soil  at  3  or 
4  feet  deep  reaches  about  50^  to  60^  C,  as  it  generally  does  in  England 
in  June  or  July,  the  cases  of  diarrhea  mount  up  rapidly,  for  the  diiU- 
rheal  microbe  is  then  multiplying  in  the  subsoil  and  emerging  through 
the  upper  stratum,  and  may  indeed  be  developed  in  decaying  organic 
matter  on  the  surface.  Settling  upon  articles  of  food  and  drink,  such 
as  vegetables,  water,  and  milk,  it  multiplies  and  develops  the  poison 


^  i^econd  Keport  to  tho  Privy  Council,  London,  1859. 


d,  cleauliness  generally,  and  a  good  water  supply.  Cows,  faria- 
,  and  dairien  ueed  siaii)ar  attentiou.  Diarrhea  is  nuu-.k  le^a 
ou  aiiiuDg  tbo  IrJali  population  of  large  towna,  owing  to  their 
:»  being  almost  invariably  suckled  by  tbeir  mothers  and  not 
the  bottle. 

I  general  air  soon  nullifies  the  danger  from  strata  near  the 
ed  gronnd.  and  the  germ  seems  to  be  incapable  of  enduring  con- 
ce  ill  a  potent  state  through  any  considerable  distance  in  the  tree 
phere. 

TYPHOID  FBVEE. 

>hoid  fever,  like  cholera  and  diarrhea,  depends  to  a  great  extent 
a  growth  and  cultivation  in  neglected  human  refuse  by  human 
y  (unwilling  bat  effertaal)  of  germa  which  tliiivc  in  damp,  pul- 
soil  or  in  foul  water.  Warmth  and  exclusion  from  free  air  favor 
ivelopmeiit  of  the  bacillus,  suppustd  to  be  the  cause  of  tyjilioid. 
grow,  however,  in  the  presence  of  free  oxygen,  and  then  develops 
.prophytic  habit  and  great  resistant  power.  In  direct  sunlight  it 
ed  in  six  to  seven  hours,  and  in  diflfase  daylight  growth  is  very 
The  mode  of  entrance  of  typhoid  is  both  through  air  and  water 
miuated  with  the  products  of  the  intestinal  discharges  of  intrsons 
(ith  the  di-sease. 

ing  tweuty  years  preceding  1883,  the  average  annual  number 
■sons  who  died  of  typhoid  in  Kngland  wuk  about  1:!,(KI0,  the 
er  of  those  who  suffered  from  it  about  i;iO,IHHI.  In  many  conti- 
I  cities,  tlie  proi>orlion  is  much  higher.  Although  bad  water 
nts  for  a  largo  number  of  cases,  bad  air,  the  emanations  from 
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mixture  with  fresh  air,  aud  there  is  some  evidence  to  show  that  oxida- 
tion by  the  air  in  running  water  has  a  good  efifect  where  the  noiioos 
matter  is  largely  dihited  and  the  stream  pure.  In  London,  New  York^ 
Paris,  Berlin,  and  perhaps  the  majority  of  places  in  the  northern  tem- 
perate zone,  typhoid  fever  is  most  prevalent  in  the  late  summer  or 
autumn,  when  the  ground  at  a  little  depth,  and  water  in  shallow  wells, 
are  at  their  highest  temperature.  In  India  it  occurs  mostly  in  the  hot 
dry  months  before  and  after  the  rains,  and  may  in  part  be  attributed 
to  the  wind  blowing  up  the  dust  of  filth  dex)osited  in  the  fields,  hat 
chiefiy  to  the  same  conditions  as  prevail  in  England  and  to  the  intro- 
duction of  the  virus,  often  from  slight  and  unsuspeet-ed  cases. 

The  great  majority  of  houses  in  civilized  places  resemble  inverted, 
slightly  ventilated  bell  jars,  connected  with  a  system  of  pipes  on  which 
deadly  organisms  may  grow,  and  from  which  they  may  be  conveyed  hy 
the  poisonous  gases  to  the  bodies  of  the  inmates.  It  should  be  a  pri 
mary  object  to  make  the  entrance  of  these  gases  difficult  aud  of  the 
outer  air  easy.  The  bacillus  concerned  in  typhoid  fever  is  probahlj 
widely  diffused,  but,  whether  often  present  or  not  in  an  innocuous  form 
in  the  human  intestines,  does  not  attack  life  where  air  and  diet  are  pure. 
With  the  aid  of  impure  air  from  drains,  middens,  and  foul  siuks  it 
acquires  deadly  power.  Cleanly  disposal  of  refuse  and  abundance  of  \ 
fresh  air  are  the  great  securities  against  this  disease.  j 

MALARIA. 

Malaria  is  the  most  general,  constant,  and  destructive  of  endemic 
diseases  in  tropical  climates  and  over  a  very  large  proportion  of  the 
inhabited  globe.    Millions  die  of  it  every  year  in  India,  and  in  Africa 
and  South  America  it  is  terribly  prevalent  and  fatal.    Vast  numbers  of 
people  are  crippled  and  diseased  for  life  in  consequence  of  the  fever, 
and  in  many  districts  the  whole  population  looks  debilitated  and  ansemic 
It  depends  on  the  emission  of  living  organisms,  probably  amoBbiform, 
from  warm,  damp  soil,  rich  mold,  sand,  or  other  suitable  ground  con- 
taining a  little  organic  matter.    It  haunts  open  and  narrow  valleys, . 
dried  water  courses,  the  country  at  the  foot  of  many  mountain  ranges, 
sandy  coasts  in  certain  climates,  mangrove  swamps,  deltas,  marshes, 
and  even  in  certain  districts  dry,  sandy  plains  at  a  considerable  eleva- 
tion.   The  organism  appears  to  exist  either  in  an  active  or  latent  form 
in  nearly  all  hot  countries  where  the  soil  contains  sufficient  organic 
matter,  and  that  need  not  be  much.     Where  soil  is  efficiently  drained, 
naturally  or  artificially,  malaria  is  rare  or  absent;  and  where  irrigation 
works  increase  the  dampness  of  the  soil,  there  also  malaria  increases 
or  develops  itself.     Cultivation,  with  the  exception  of  rice  growing, 
in  general  diminishes  or  abolishes  malaria  within  the  area  cultivated. 
Lowering  of  the  water  level  and  aeration  of  the  soil  reduce  malaria 
notably.    Drainage  in  East  Anglia  has  almost  extinguished  ague,  which 
is  a  similar  or  the  same  disease.    Some  sandy,  semidesert  distiictS;  such 
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as  Western  Rajpootana,  are  subject  to  malaria,  although  the  water  is 
several  hundred  feet  below  the  surface.  But  here  the  sand  is  found  to 
be  damp  a  short  distance  below  the  surface,  and  probably  the  same 
condition  prevails  elsewhere  in  sandy  tracts  where  malaria  is  present. 
The  rainfall  is  scanty,  but  the  great  range  of  temperature  probably 
caoses  a  good  deal  of  dew-condensation  on  the  sand. 

Sometimes,  though  rarely,  rocky  surfaces  emit  malaria,  but  probably 
the  habitat  of  the  organisms  in  these  cases  is  in  clefts  or  disintegrated 
rocky  detritus.  The  efficiency  of  attack  on  the  human  body  depends 
in  great  measure  on  the  concentration  of  the  organisms  within  a  few 
feet  of  the  surface  of  the  earth  in  the  evening  hours,  the  difference 
between  day  and  night  temperature,  the  high  temperature  of  the  soil, 
and  the  suddenness  of  the  fall  of  temperature.  Although  the  strong- 
est nicu  in  the  best  of  health  may  be  stricken,  yet,  in  most  malarious 
countries,  the  avoidance  of  fatigue,  of  indigestion,  and  of  any  chilling 
of  the  surface  of  the  body,  is  an  important  safeguard.  The  conditions 
in  which  malarious  germs  are  emitted  from  the  soil  and  concentrated 
in  the  nethermost  strata  of  the  air  are  further  considered  in  relation  to 
the  emanation  of  vapor  from  the  earth  and  the  deposition  of  dew. 

YELLOW  FEVER. 

Yellow  fever  results,  in  all  probability,  from  a  fungoid  or  microbic 
growth,  but  the  particular  microbe  concerned  has  not  been  certainly 
identified.  It  prevails  habitually  in  the  West  Indies  and  on  the  coasts  of 
the  Oulf  of  Mexico,  and  these  have  been  regarded  as  the  original  breed- 
ing grounds.  But  it  has  also  long  been  endemic  on  the  west  coast  of 
Africa,  especially  at  Sierra  Leone.  It  is  easily  capable  of  transporta- 
tion, e8i>ecially  in  the  case  of  particular  outbreaks  and  in  particular 
seasons,  and  it  has  in  several  years,  like  cholera,  attained  almost  a 
world-wide  prevalence.  When  transplanted  to  favorable  places  (and 
these  are  mostly  seax>orts  with  very  poor  sanitary  conditions)  it  takes 
root  and  breaks  out  in  succeeding  years  as  if  it  were  multiplying  on 
the  polluted  soil.  As  a  matter  of  fact,  it  thrives  on  damp  organically 
contaminated  soil,  on  the  walls  of  houses,  and  on  the  wood  of  ships,  in 
foul  holds.  It  haunts  the  vicinity  of  drains,  banks  of  rivers  occasion- 
ally dry,  harbors,  and  crowded  rooms  or  houses.  The  manner  of  its 
growth  a  good  deal  resembles  that  of  cholera,  but  its  areas  of  preva- 
lence arc  smaller,  and  it  is  more  largely  communicated  through  the  air, 
each  case  of  yellow  fever  becoming  a  focus  of  prevalence  in  tropical 
and  foul  conditions.  It  requires  a  high  temx)erature  for  its  proi)aga- 
tion,  and  is  arrested,  but  not  destroyed,  by  frost.  Strangers  are  much 
more  liable  to  attack  than  residents,  but  residents  are  not  always 
immune.  The  living  cause  of  the  disease  clings  with  great  tenacity 
to  ships,  walls,  etc.,  for  a  long  time,  and  is  conveyed,  in  very  many 
instances,  by  the  air  to  persons  who  approach  the  infected  object.  The 
organic  poison  seems  to  multiply  outside  the  body,  upon  foul  surfaces. 


264      ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH. 

and  tlieiice  to  infect.  It  is  not  transported  by  the  wind — at  any  rate 
to  a  distance — but  depends  on  human  movements,  ou  overeriiwdiiig, 
neglected  refuse,  and  absence  of  proper  ventilation.  It  seems  probable, 
from  its  persistence  ou  the  coast,  on  the  banks  of  tidal  rivers,  and  ou 
ocean  going  ships,  that  it  finds  a  favorite  pabulum  in  slightly  saline 
deposits. 

DIPHTHERIA. 

Diphtheria,  now  one  of  the  most  fatiil  maladies  of  children,  both  in 
Europe  and  America,  is  equally  preventable  by  purity  of  air;  hut  since 
it  is  commonly  caught  by  infection,  and  susccjjtible  persons  are  attacked 
through  slight  doses,  absolute  i>revention  is  difficult.  Its  jiropagatioa 
depends  to  a  great  extent  on  schools  and  close  aggregations  of  cliildreu, 
some  of  whom  may  be  affected  by  the  disease  in  a  mild  form,  such  as 
slight  sore  throat.  Some  cases  arise  from  a  disease  of  the  cow,  which 
is  not  easily  identified,  but  the  great  majority  of  cases  of  the  disea^ 
are  certainly  due  to  the  emission  into  confined  air  of  the  microbes  from 
persons  already  suffering  with  sore  throat  or  diphtheria,  and  therefore 
the  great  majority  of  cases  would  not  occur  if  schools  and  dwelling 
houses  were  well  cleansed  and  ventilated,  and  if  children  with  sus^ 
pected  throats  were  as  far  as  possible  isolated.  The  gradual  growth 
of  diphtheria  in  villages  and  towns  and  its  frequent  recurrence  indi 
cate  an  infection  of  the  air  in  houses  either  from  a  contaminated  sur 
face  soil,  from  floor  or  walls,  or  from  the  breath  of  persons  who  have 
had  the  disease  and  in  whose  throats  the  microbe  lingers  after  their 
recovery.  Diphtheria  does  not  occur  at  all  iu  clean,  dry  places,  unless 
introduced  by  some  person  or  imported  article  carrying  the  infective 
organism.  The  germ  is  certainly  not  present  in  a  jwtent  conditiou  in 
the  outer  air.  Newly  inhabited  countries  and  places  have  always 
remained  free  from  diphtheria  uotil  the  germ  has  been  introduced  by 
human  agency. 

Diphtheria  and  scarlet  fever  are  amcnig  the  most  widely  and  con- 
stantly prevalent,  Jind  most  fatal,  of  all  diseases  in  temperate  cliumtes. 
They  are  both  communicable  through  the  air  iu  proximity  to  a  patient, 
and  this  is  a  very  common  mode  of  conveyance.    But  they  have  never 
been  known  to  pass  across  any  considerable  space  through  the  outside 
air.    The  evidence  leads  very  strongly  to  the  conclusion  that  they  are 
rarely  if  ever  caught  by  exposure  to  infected  air  which  has  been  very 
largely  diluted  in  the  free  atmosphere.    PredisiK)sition  to  diphtheria, 
and  probably  to  a  less  extent  to  scarlet  fever,  is  favored  by  drain  air, 
sewer  air,  and  the  emanations  from  heaps  of  decaying  animal  or  vege- 
table matter,  dust  heaps,  and  by  the  various  causes  of  sore  throiit 
And  it  is  probable  that  the  microbe  of  diphtheria,  which  has  been  iden- 
tified, frequently  infects  the  surfaces  whence  the  foul  emanations  pro- 
ceed.   It  is  certainly  present  in  very  many  places,  especially  in  bouses 
and  localities  where  the  disease  has  formerly  prevailed.    Measles  are 
often  followed  by  diphtheria,  though  no  source  of  infection  can  be 


I  tne  aunaces  oi  oDjeccR  wmcn  nave  i>teu  exposea  lo  ir,  auu 
gli  disinfectiou  is  required  to  remove  it.  Tlie  antumii  aud  winter 
,  damp  dwelliugs,  damp  soil,  dirty  fatmyardw,  privies,  et«.,  favor 
elopment;  but  its  coutiiiual  increase  Itiia  been  dae  to  increased 
atteudance,  meetings,  etc.,  and  to  the  iucrease  in  tbe  number  of 
!d  i)laces,  and  iu  the  means  of  quick  traveling.  Ventilation,  much 
tborongli  tlian  any  now  generally  practiced,  combined  with  the 
disposal  of  refuse,  must  bo  the  principal  hygienic  measure  to 
I  its  prevalence.  Investigation  of  tbe  conditions  under  which  it 
es  in  places  and  houses,  and  of  tbe  effect  of  ventilation  and  proper 
in  scboolsin  preveuting  its  propagation,  is  much  nee<led. 

PNEUMONIA. 

or  more  different  diseases  are  known  under  the  name  of  pnen- 
Tbe  temperature  of  the  air  is  an  important  factor  in  its  pro- 
n,  but  all  countries  are  subject  to  it.  Tbe  maximum  number  of 
i  fixtm  this  infection  occur  in  Deci^mber,  tlic  minimum  in  August. 
i  a  strong  predisposing,  but  not  the  ultimate  cause.  Overerowd- 
ic  want  of  ventilation,  emanations  from  sewer  and  tilth,  play  an 
ant  part  in  epidemic  outbreaks.  Certain  bacilli  or  micrococci 
Deemed  in  the  production  of  epidemic  pneumonia,  and  possibly 
mmonest  form  of  pneumonia  is  due  to  the  opportunity  given  by 
r  by  foul  gases  for  tbe  attack  on  the  body  of  an  organism  fre- 
y  present  in  the  breathing  organs.  There  is  little  evidence  us  to 
emption  uf  persons  living  entirely  in  the  open  air  and  thoroughly 
mutilated  dwellings,  and  not  exposed  to  infection  from  others,  but 
Dbability  appears  to  be  that  many  persons  have  in  tlieni:;elves  a 
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and  the  disease  named  pneumonia  is  the  result  of  difterent  causes  whidi 
need  more  distinct  classification  than  they  have  yet  received. 
Dusty  trades  and  smoky  fogs  favor  the  incidence  of  pneumonia. 

BRONCHITIS. 

Bronchitis,  one  of  the  most  prevalent  and  fatal  of  all  diseases  iu  cold 
and  temperate  climates,  is  often  directly  due  to  the  effect  of  cold  and  of 
a  sudden  fall  of  temperature.    Although  much  less  common  and  fatiH 
among  people  living  in  healthy  conditions,  it  nevertheless  often  attacks 
strong  constitutions,  even  in  the  purest  atmosphere.    Fatigue  predis- 
poses.   A  great  deal  of  preventable  bronchitis  results  from  imprudence 
in  clothing  and  in  diet — for  instance,  alcoholic  excess — ^bnt  much  alao 
from  breathing  dusty  and  smoky  air.    A  smoky  fog  of  some  days'  dura- 
tion in  cold  weather  in  London  causes  a  heavy  mortality,  while  a  fog  in 
the  country  has  little  effect.    Much  bronchitis  results  from  weakness  and 
chill  following  illness  and  fatigue.    Changes  in  the  blood  and  accomn- 
lation  of  waste  products  are  apt  to  follow  excessive  exertion.    The 
importance  of  warm  clothing  and  of  breathing  air  free  from  smoke  and 
dust,  especially  the  dust  given  off  in  the  manufacture  of  hardware,  pot- 
tery,  lead  mining,  etc.,  is  great  in  the  prevention  of  this  disease.    Close 
rooms  where  gas  is  burned  contribute  largely  to  bronchial  attacks,  aod 
in  general  purity  of  air  is  one  of  the  first  conditions  tending  to  immu 
nity.    But  cold  and  damp  seem  to  be  quite  sufficient  to  produce  bron 
chitis  in  some  constitutions,  and  in  young  children  and  old  people, 
apart  from  anything  like  infection  from  outside.    Indeed,  it  seems  likely 
that  an  excess  of  ozone,  or  else  a  cold,  bracing  air,  often  determines 
an  attack,  and  these  qualities  are  beyond  doubt  sufficient  greatly  to 
exacerbate  symptoms  resulting  from  a  slight  cold  or  chest  weakness. 
A  soothing,  soft,  warm,  damp  air,  on  the  contrary,  quickly  ameliorates 
the  condition  of  a  sufferer  from  bronchitis,  cold,  or  cough;  the  extraor- 
dinary i)ower  of  a  whiff  of  cool,  fresh  air  to  increase  the  malady,  and 
the  ill  effect  of  even  a  glass  of  cold  water,  seem  to  show  that  the  bron- 
chial tubes,  capillaries,  and  air  passages  are  in  a  highly  sensitive  state 
and  that  temperature  is  a  matter  of  extreme  importance.    Experimental 
investigation  of  the  temperature  and  condition  of.  air  most  tending  to 
rapid  recovery  from  bronchitis  might  disclose  facts  of  importance  in 
the  connection  of  inflammatory  states  with  the  atmosphere.    It  seems 
not  unlikely  tliat  an  absence  of  ozone,  deficiency  of  oxygen,  and  excess 
of  vapor  of  water,  and  of  nitrogen  or  carbon  dioxide,  might  prove 
favorable. 

RHEUMATISM  AND  RHEUMATIC  FEVEB. 

Few  diseases  are  more  common  or  cause  more  suffering  than  rheu- 
mattsni,  acute  or  chronic.  A  great  deal  has  still  to  be  discovered 
respecting  its  external  causes.  It  prevails  much  more  in  some  districts 
than  in  others,  and  certainly  in  many  cases  the  mischief  is  brought 
into  the  human  system  through  the  air.    Damp  and  cold  in  soil  and  air, 


\ 


lace  to  an  attack,  and  to  the  chronic  form.  It  seems  very  probable 
it  would  be  found  that  x>ersoii8  removed  from  ground  air,  an  ia  the 
»  of  high  bnildings,  are  exempt  from  attack,  except  throagli  foud 

drink. 

MEASLES   AND   WHOOPING    COUGH. 

sasles  and  whooping  cough  are  spread  chiefly  through  the  air  to 
JDS  in  the  ioimediat«  neighborhood  of  the  nick,  and  of  articleK, 
;ially  clothing,  which  have  been  exposed  to  the  infective  miitter. 
egation,  ventilation,  and  avoidance  and  disinfection  of  material« 
h  may  disseminate  the  disease  are  effective  in  prevention,  where 
can  be  carried  out.  In  the  early  stage  of  measles,  as  of  influenza, 
while  the  symptoms  are  slight,  the  germs  of  the  disease  may  infect 
igh  the  air,  and  therefore  measures  of  precaution  are  diflicnU.  The 
preventives  against  widespread  and  sevei-e  attacks  are  habitual 
i1  for  sufficient  air  space  and  warmth  and  immediate  isolation. 


ngne  is  a  disease  somewhat  resembling  influenza  in  its  symptoms, 
irevalent  only  as  an  occasional  epidemic  in  tropical  countries.  It 
patently  spread  by  infection  in  the  air  from  case  to  case,  but  not 
gb  the  general  atmosphere.  The  reason  of  ita  failure  to  extend 
id  hot  climates  is  qmte  obscure,  but  it  would  seem  asif  it  reijuired. 
ellow  fever,  a  high  temperature  outside  the  body  in  order  to  grow 
lisseminate  germs  fitted  for  infection. 

SMALLPOX. 
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INFLUENZA. 

No  disease  of  the  epidemic  character  has  seemed  to  depend  more  on 
the  constitution  and  infection  of  the  general  atmosphere  than  influenza. 
Its  rapid  spread,  its  apparently  capricious  outbreaks  at  places  wide 
apart,  the  almost  simultaneous  attack,  as  it  seemed,  ui)ou  a  large 
fraction  of  the  population  of  a  country,  masked  the  true  method  of 
progress.    But  when  its  track  and  behavior  were  carefully  followed, 
these  facts  became  clear — that  it  never  traveled  faster  than  human 
beings;  tliat  many  mild  cases  existed  in  every  large  town  long  before 
it  was  generally  recognized;  that  it  took  at  least  six  weeks  to  attain  its 
maximum  after  the  occurrence  of  the  first  cases;  that  its  rapidity  of 
advancement  from  east  to  west  and  from  town  to  village  corresponded 
roughly  and  generally  with  the  rapidity  of  means  of  transit;  that  large 
numbers  of  people  not  exposed  to  personal  infection  escai)ed;  that 
islands  unvisited  through  the  period,  deep-sea  fishermen,  and  light- 
house keepers  escaped,  except  in  a  very  few  instances  where  they  had 
been  ashore  or  received  communications  from  infected  places;  t'nat 
susceptible  persons  very  easily  caught  the  pest  within  a  few  days  after 
exposure  to  infection  in  the  ordinary  sense;  that  infection  was  somfr 
times  conveyed  by  parcels,  letters,  clothing,  etc.,  from   patieot«  or 
infected  places;  tiiat  ships  which  had  cases  on  board  were  the  means  of 
starting  it  in  islands  at  which  they  stopped;  and  that  in  previous  epi 
demies  the  spread  was  often  so  very  slow  as  to  be  quite  unaccountable 
by  any  atmospheric  quality.    Moreover,  when  the  bacillus  of  influeuxa 
was  identified,  it  became  easy  to  comprehend  how  the  countless  multi 
tudes  of  exceedingly  small  organisms  alive  in  the  sputum  and  saliva 
might  be  disseminated  in  the  air  of  buildings  and  of  public  conveyances 
and  transmitted  from  place  to  place  by  commerce  and  the  post.    The 
general  atmosphere  either  diffused  them   to  harmlessness   or  killed 
them,  for  there  was  no  evidence  of  influenza  reaching  an  isolated 
community  by  means  of  wind  blowing  from   a  place  where  it  was 
prevalent.    But  in  confined  or  foul  aiv  they  were  capable  of  pjuvsing 
through  many  feet  without  losing  their  capacity  of  infection.    They 
were  experimentally  shown  to  thrive  abundantly  on  the  gum  of  an 
enveloi)e,'  and  since  many  patients  wrote  letters,  this  must  have  l>een 
rather  a  common  mode  of  transmission,  the  organic  motes  flying  upward 
to  the  breathing  organs  of  the  recii)ient  on  his  breaking  the  fastenin<r. 
There  is  no  difticulty  in  explaining  the  quick  diftusion  of  an  epidemic 
having  the  qualities  of  influenza  among  a  susceptible  populatiim.    The 
minuteness  of  the  bacilli,  their  vast  numbers  in  the  breathing  organs, 
the  short  period  of  incubation,  and  the  early  infectiveness,  and  in  mod- 
ern times  the  immense  daily  communications  between  distant  places, 
have  to  be  taken  into  consideration.    If  examination  of  matter  of  the 


*Dr.  Kleiu,  British  Medical  Journal,  February,  1894. 


come  into  association  with  ten  or  twenty  others  in  more  or  less 
^  spacer  of  air.  If  only  one  in  five  catches  the  influenza,  and 
in  the  same  proportion,  a  fourth  part  of  a  large  city  may  be  struck 
in  a  very  few  weeks.    In  general,  one-half  or  three-fourths  escax)e,  j 

insusceptible,  or  less  susceptible  than  others,  or  less  exposed  to 
•us.  >Vliere  large  numbers  of  persons  work  together  in  one  ill- 
ited  building,  the  proportion  of  attacks  is  much  higher,  other 
being  equal,  than  where  people  work  at  their  own  homes.  But 
^quent  opx)ortunities  of  infection  at  meetings,  social  gatherings, 

houses,  in  public  conveyances,  churches,  and  chapels  tend  to 
)  the  inequalities  which  would  otherwise  be  conspicuous.  The 
ce  of  air  through  which  inHuenza  can  strike  has  not  been  well 
Eiined,  circumstances  being  very  different,  and  some  forms,  such 
i  catarrhal,  being  apparently  more  easily  diffused  than  others, 
aximuni  distance  in  the  recent  epidemics,  for  susceptible  persons, 
bardly  have  been  less  than  100  feet  in  close  air,  and  4  feet  in  the 

Isolation,  where  practiced,  was  successful  in  so  far  as  it  was 

But  the  intercourse  of  ordinary  life  makes  isolation  imx)ossible 

general  population  when  once  an  epidemic  of  influenza  has  been 

d  to  attack  a  number  of  centers.     Strong  measures  against  impor- 

from  other  countries  and  immediate  isolation  and  supervision 

few  cases  which  would  occur  might  succeed  in  staving  off  a  |l 

al  infliction,  for  the  precautionary  measures  would  not  need 
Muent  beyond  the  brief  period  of  its  x>revalence  in  neighboring 
ies.  Xot  only  the  high  mortality,  but  the  enfeeblenient  of  millions 
Mlwinners  for  months,  years,  and  even  for  life  has  to  be  consid- 
a  connection  with  the  expense  of  preventive  measures.     This 


I 
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much  more  severe,  althongh  they  came  upon  a  population  to  some 
extent  protected.  At  the  same  time  there  can  be  no  doubt  that  an 
epidemic  may  occur  in  any  climate  and  in  any  weather.  The  tropics 
are  not  exempt.  An  instructive  instance  of  the  subtle  diffusion  of 
influenza  occurred  in  a  village  of  Central  Africa,  which  was  attacked 
immediately  after  the  arrival  of  two  natives  from  an  infected  place  far 
distant.  But  outdoor  life  and  less  constant  communications  prevent 
the  quick  diffusion  and  wide  prevalence  which  belong  to  civilized  natiooB 
in  temperate  climates. 

The  manifest,  at  present  the  only  practicable  and  yet  difficult,  meas- 
ures for  preventing  these  great  and  very  destructive  epidemics  are: 
Precautions  against  the  introduction  of  the  pest  by  travelers  and  by 
articles  sent  from  infected  districts;  immediate  compulsory  notification, 
without  fee,  of  all  cases  occurring  in  a  district  to  the  medical  officer  of 
the  district  and  through  him  to  the  central  board;  isolation  so  far  as 
can  be  arranged  of  all  the  early  cases  in  a  district  at  the  homes  of  the 
patients;  prohibition  of  attendance  of  infected  persons  at  any  assan- 
blage;  and  publication  of  the  importance  of  ventilation,  and  of  hving, 
warmly  clothed,  as  much  as  possible  in  the  open  air,  unless  actually 
stricken.  During  the  period  of  illness,  and  for  some  time  after  recov- 
ery, the  greatest  care  is  required  to  avoid  chill,  which  often  induces 
pneumonia  or  other  evils.  The  fresh  outer  air  can  only  be  safely 
breathed  when  the  symptoms  have  subsided  and  when  the  strength  has 
partially  returned.  It  is  remarkable  that  cold  air  alone,  however  pure, 
seems  capable  of  causing  a  relapse  when  the  system  has  been  greativ 
enfeebled  and  the  breathing  organs  left  in  a  highly  sensitive  condition 


COLDS. 

Colds  and  sore  throat  have  never  received  the  attention  they  deserve 
from  an  etiological  point  of  view,  owing  probably  to  the  slight  character 
of  the  majority  of  cases.     Yet  they  are  important,  first  for  their  wide 
diffusion,  enderaicity,  and  frequency,  and  secondly  for  their  effect  in 
giving  opportunity  for  the  attack  of  more  serious  disorders,  among 
which  may  be  mentioned  diphtheria,  measles,  pneumonia,  bronchitis, 
and  consumption.     Close  observation  for  many  years  has  led  the  pres- 
ent writer  to  the  conclusion  that  though   primarily  a   chill,  that  is 
exposure,  insufficiently  clad,  to  a  draft  or  cold  air,  is  very  frequently 
sufficient  to  give  a  slight  cold  or  sore  throat,  or  the  feeling  of  one,  yet 
severe  colds  are  caught  in  general  either  (1)  iii  marshy  or  low  and  damp 
situations,  or  in  conditions  somewhat  similar  to  those  which  produce 
malaria;  or  (2)  by  infection  from  persons  after  the  manner  of  other 
infectious  diseases.    It  would  appear  as  if  the  microorganism,  or  one 
species  of  microorganisms,  which  sets  up  a  sore  throat  and  severe  cold, 
inhabits  the  upper  layer  of  earth,  especially  in  damp  or  marshy  places, 
where  decaying  vegetable  matter  abounds,  and  passes  into  the  air, 
especially  in  summer  and  autumn  evenings  when  the  earth  and  wat«r 


ntjc  do  not  seem  capable  of  iudncing  sore  throat  or  coUl.  But,  of 
Be,  to  make  au  experiment  cmcial,  previous  life  in  the  open  air, 
ifectioQ  of  clotlies  and  if  possible  of  the  breathing  organs,  would 
ecessary.  It  is  not  improbable  that  the  microbe  of  colds,  like  that 
leamonia,  may  be  frequently  present  in  the  mouth.  The  exi>eriei»ce 
i.  Kilda,'  which  used  to  be  absolutely  free  from  colds  nntil  the 
al  boat  arrived  from  the  mainland,  points  to  the  ordinary  presence 
le  infective  particles  on  clothes  or  in  the  breatb.    The  islnitders 

nearly  all  struck  down  with  severe  colds  within  a  day  or  two  after 
>ming  their  visitors.  Probably  a  similar  dose  of  infection  n'ould 
lite  insnfflcieot  to  prostrate  ]>ersons  on  the  mainland  who  were 
itomed  to  the  petty  assaults  of  the  microbe,  and  protected  by 
ely  noticed  symptoms  of  catarrh. 

exactly  similar  thing  occurs  in  the  case  of  influenza.  Hundreds 
itSDceswere  observed  in  which  the  proximity  of  persons  who  had 
nfliieoza  or  had  been  near  cases  of  inflnenza  gave  it  to  others,  and 

persons  lately  arrived  in  a  place  which  had  passed  tlirongli  the 
niie  were  stmck  down  while  the  great  majority  of  the  resident 
lation  remained  protected,  at  least  for  some  months. 
da  protect  against  their  own  recurrence  in  most  people  for  some 
hs.  Severe  colds  go  through  a  honse  after  the  manner  of  an  infec- 
disease,  and  can  be  similarly  guarded  against  by  isolation.  The 
utainly  conveys  a  cold  for  several  feet  through  confined  air.  and 
closed  railway  carriage  susceptible  persons  who  have  been  free 
colds  for  some  time  are  easily  infected.  An  attack  is  often  attrib- 
to  a  chill  felt  at  the  beginning  of  tbe  infliction,  but  in  reality  the 
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from  the  constant  presence,  and,  as  it  were,  the  vaccinating  influence, 
of  the  germs  in  bad  air.  From  similar  reasons  horses,  when  brought 
from  the  country  to  London  stables,  very  frequently  fall  out  of  sorts  to 
the  extent,  it  is  said,  of  95  per  cent,  and  sheep,  when  placed  among 
imported  apparently  healthy  sheep,  often  fall  sick.  Texas  cattle  fever 
is  caught  from  apparently  healthy  cattle.  The  first  intercouse  between 
Europeans  and  natives  is  attended  with  the  introduction  of  fev», 
dysentery,  or  other  diseases.^ 

SEASONAL  AND   aEOaRAPHICAL    DISTRIBUTION     OP     INFECTIOUS 

DISEASES. 

Many  of  the  spreading  diseases  are  more  or  less  wont  to  rise  toward 
a  maximum  and  to  fall  toward  a  minimum  at  certain  times  of  the  year, 
and  these  seasons  are  generally  nearly  the  same  in  similar  rlimates 
in  the  same  hemisphere,  but  there  are  many  particular  instances  of 
variation. 

Scarlet  fever  is  a  disease  chiefly  prevalent  in  the  northwest  of  Europe, 
moderately  i)revalent  in  Kussia,  North  America,  and  parts  of  Sonth 
America,  the  coast  of  Asia  Minor,  Italy,  Turkey,  and  Greec^e,  and  quite 
uncommon  in  Asia  and  Africa.  It  is  not  frequent  in  Anstnilia.  Its 
maximum  in  London  occurs  in  October,  its  minimum  in  April.  lu  New 
York  its  maximum  is  in  April,  its  minimum  in  September.  In  Eng 
land,  generally  autumn  is  the  time  of  maximum  i>revaleuee.  In  tlie 
whole  of  Europe  and  North  America  29.5  i)er  cent  out  of  435  epidemics 
are  recorded  as  having  occurred  in  the  autumn,  and  21.8  i>er  cent  iu  the 
spring,  the  period  of  minimum  5  the  remaining  48.7  per  cent  t<K)kplarti 
In  summer  and  winter.  A  dry  air  with  little  rain  seems  to  increase  tbe 
prevalence  of  scarlet  fever. 

Measles,  in  London,  has  two  maxima,  one  in  December  and  a  lesser 
one  in  June,  and  two  minima,  one  in  September  and  one  in  February. 
Measles  occurs  nearly  all  over  the  world  since  the  great  extension  of 
commerce,  and  seems  to  be  little  affected  by  climate.  Cold  weather, 
however,  favors  it,  as  might  be  expected,  since  it  infects  through  the 
air  of  close  rooms. 

Influenza,  typhus,  relapsing  fever,  smallpox,  whooping  cough,  croup, 
pneumonia,not  only  prevail  most  iu  cold  weather,  but  in  cold  countries, 
where  there  is  least  outdoor  life  and  least  fresh  air  in  rooms  and  most 
crowding.  Diphtheria  increases  with  the  cold  weather  of  autunm,but 
tends  to  decline  in  February,  and  is  at  a  minimum  during  the  liot 
months,  (^^erebro-spinjil  fever,  which  is  a  good  deal  connected  with 
crowding  in  lar^^e  numbers  in  institutions,  etc.,  not  only  attacks  most 
in  cold  weather,  but  in  cold  or  temperate  countries.  The  relation 
between  the  temperature  and  the  disease  seems  to  be  indirect,  and  the 
causation  and  dissemination  of  the  malady  are  obscure. 


'  Wniijinjs,  quoted  by  Darwin,  "Naturalist's  Voyage" 
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msumption  or  tuberculosis  is  most  prevalent  where  tbe  air  is  moist 
the  daily  range  of  temi>erature  large. 

rphoiil  or  enteric  fever  is  most  common  in  the  autumn  and  much  less 
alent  in  May  and  June.  There  is  a  sliarp  decline  in  its  prevalence 
ondon  in  December.  In  New  York,  and  in  large  towns  in  Euroi>e, 
maximum  is  decidedly  apparent  in  late  summer  or  autumn.  The 
at  ion  of  prevalence  according  to  season  seems  to  show  a  distinct 
lection  between  the  development  of  the  bacillus  and  the  ten]|)era- 
( of  soil  and  water,  and  considering  the  long  incubation  and  dura- 
of  cases  the  maximum  of  infection  must  take  place  at  the  very 
^  when  the  temperature  of  the  soil  at  1  or  2  feet  deep  is  about  at  its 
lest. 

holera,  diarrhea,  yellow  fever,  and  malaria,  the  ]>oison  of  all  of 
eh  arises  from  the  soil  and  surroundings  into  the  air,  are  much 
«  prevalent  in  the  hot  season  and  in  hot  countries. 

CONDITIONS   OF  INFECTION  THROUGH  THE   AIR. 

n  order  to  obtain  a  true  conception  of  the  manner  in  which  the 
iilent  matter  of  infectious  diseases  may  be  conveyed  through  short 
tances  of  air,  either  directly  from  a  patient  or  indirectly  from  objects 
ich  have  become  infected,  we  have  to  consider  those  cases  in  which 
iceptibility  is  greatest,  for  these  aftbrd  the  truest  criterion  of  the 
mbility  of  the  survival  of  pathogenic  microbes,  and  the  best  meas- 
;  of  the  precautions  which  should  be  adopted  to  exclude  not  only 
•sons  of  average  susceptibility,  but  the  most  susceptible,  from  the 
'a  of  danger.  In  cases  of  pyiemia,  of  puerperal  fever,  and  of  small- 
K,  not  only  ordinary  measures  of  disinfection,  but  abstinence  iVom 
endance  on  susceptible  persons  for  some  time,  is  recognized  as 
edful.  In  cases  of  influenza,  diphtheria,  and  scarlet  fever  less  care 
exercised,  except  in  regard  to  certain  susceptible  states.  In  all  of 
ese  diseases,  however,  transmission  is  far  too  frequent,  and  as  a  mat- 
rof  fact  the  required  precautions  are  not  duly  observed.  The  strict 
gnlations  of  dress  and  washing  enjoined  upon  nurses  are  almost 
ually  applicable  to  medical  attendants,  and  the  use  of  clothes  of  a 
M^bable  material  and  smooth  surface  by  all  persons  in  the  presence  of 
fetious  cases  would  give  greater  security  to  all  patients  visited,  and, 
deed,  to  the  general  population.  A  square  inch  of  cloth  can  easily 
M  upon  its  surface  10,000,000,000  microbes  of  intluenza,  so  that  it  is 
lite  conceivable  that  a  man  may  carry  on  his  clothes  many  more  of 
fse  organisms  than  there  are  inhabitants  on  the  globe,  and  that 
*uy  scores  of  thousands  of  these  pass  into  the  air  of  every  room 
lich  he  visits. 

Similarly,  in  the  cases  of  other  diseases  which  pass  largely  by  the 
eath  and  by  dei)osited  particles,  there  must  always  be  a  certain  num- 
r  on  every  person  who  visits  the  sick  room,  and  although  the  m:ijority 
people  fall  victims  only  to  rather  large  numbers  or  a  high  degree  of 
8M  95 18 
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virulence,  still,  in  order  to  avoid  the  setting  up  of  fresh  centers  in  sus- 
ceptible people,  disinfection  and  washing  are  indispensable. 

The  most  remarkable  instance  of  immunity  from  infection  of  a  mat^ 
nity  hospital  is  that  of  the  Grand  Duchess  Catherine,  at  St  Peters- 
burg, one  of  the  most  carefully  regulat<ed  in  the  world.  Every  utensil 
instrument,  and  article  of  clothing  is  rendered  aseptic  and  kept  so.  A 
vacated  room  is  at  once  stripped  and  disinfected.  The  floors  are  mom 
concrete,  the  walls  tiles  and  parian  cement.  Floors  and  walls  are  thor- 
oughly washed.  The  result  of  this  extreme  care  was  that  during  thm 
years  there  was  only  one  case  of  puerperal  fever,  and  that  was  bron^ 
in  from  outside. 

A  boiled  vegetable  or  animal  infusion  in  a  test-tube  may  be  kept  an 
indetinite  time  without  change  or  fermentation  when  ordinary  air  and 
objects  are  excluded,  but  a  mere  touch  of  the  tinger  or  of  some  objeet 
which  has  been  lying  in  a  room  infects  with  microbic  life  and  the  fluid 
goes  bad.    The  comparative  infrequency  of  the  conveyance  of  some  of 
the  infectious  diseases  from  one  to  another  by  means  of  a  third  peisoo 
is  less  due  to  the  absence  of  the  germs  than  to  the  average  resisting 
power  of  the  human  body.     The  precautions  taken  to  prevent  the 
spread  of  foot-and-mouth  disease  in  sheep  and  cattle  well  illast^e 
what  is  necessary  for  the  protection  of  human  beiugs.    In  an  ontbieak 
in  England  in  1802,  a  strict  watch  was  kept  to  prevent  the  passage  of 
any  infected  article,  and  no  one  was  permitted  to  come  in  contact  with 
cases  of  the  disease  excepting  those  persons  who  were  provided  with 
a  proper  dress,  which  could  be  easily  disinfected.    If  these  and  similar 
measures  had  been  customary  for  some  years  for  the  prevention  of 
epidemics  in  man,  the  belief  in  an  '*  epidemic  constitution  of  the  atmos^ 
phere"  or  in  ^^ aerial  transmission"  by  wind  for  long  distances  could 
hardly  have  survived.    The  recent  pandemic  of  influenza  has  given 
occasion  for  the  revival  of  these  hypotheses,  which  were  successively 
overthrown  in  relation  to  consumption,  the  plague,  cholera,  yellow 
fever,  smallpox,  and  even  rabies  or  hydrophobia.     Recent  investiga- 
tions have,  however,  proved  beyond  all  doubt  that  the  atmosphere  dties 
not,  except  possibly  in  the  rarest  instances,  convey  the  virulent  matter 
of  epidemics  from  place  to  place,  and  that  there  is  no  security  against 
infection  so  great  as  life  in  the  open  air  and  good  ventilation.    In  fact, 
the  atmosphere  is  the  great  reservoir  of  purifying  agents  and  the  most 
iin])ortant  of  all  disinfectants.    In  close  places  the  air,  deprived  of  some 
of  its  oxygen,  filled  with  moisture  and  the  impurities  of  respiration, 
can  not  exercise  its  beneficent  function,  and  in  crowded  rooms  infec- 
tion becomes  easy.    So,  also,  cholera  and  other  infectious  matter  retains 
its  virulence  in  packages  or  stored  clothing.     Under  the  open  sky 
and  in  pure  air  few  species  of  pathogenic  germs  can  pass  many  feet 
unscathed. 

Consumption  is  typical  of  the  class  of  endemics  which  can  be  caagbt 
either  directly  from  a  patient  or  indirectly  through  infected  objects  io 


ty  of  spreading  diseases  is  exemplified  by  tbe  extension  of  epi- 

■  and  of  endemics  like  consumption,  diphtberia,  mcaKleM,  and 
InK  congli,  in  countries  which  are  covered  wilL  snow  and  con- 

witli  frost.  When  oiice  iutrodaced  they  jmss  among  the  iwpula- 
tiose  habits  are  favorable  to  their  growth.  lu  islands,  again, 
tu  infectiuua  disease,  snch  as  measles  or  influenza,  is  introduced, 
ads  as  fast  as  in  countries  where  tbe  soil  might  be  supposed  to 
li  the  bacillus  or  micrococcus  independently  of  tbe  human  body, 
ard  ships  and  in  isolated  institutions  where  opportunities  are 
jy  association,  many  infections  diseases  spread  just  na  they  might 
ibited  places,  whatever  the  soil.    At  tbe  same  timeeudemicity  is 

■  a  matter  of  soil  and  habitation.  Infection  from  person  to  per- 
id  to  a  great  extent  through  confined  air,  may  thus  be  separated 
the  main  condition  of  prevalence  of  infectious  disetvses. 

ases  capable  of  transmission  for  a  short  distance  through  the  air 
>r  present  purposes,  be  divided  into  the  following  classes: 
Those  which  arise  from  damp  soil  or  subsoil  in  alluvial  plains, 
valleys,  mangrove  swamps,  certain  sandy  coast  districts,  and 
situations.  Malaria,  iotennitteut  fever,  and  ague  are  tbe  chief 
i^of  this  type,  and  are  in  general  not  transmissible  from  person 
lOu.  They  are  transmissible  a  few  miles  through  the  air  from  tbe 
f  of  origin.  Colds  and  sore  throats  probably  arise  from  similar 
ons,  and  are  infectious  through  a  short  distance  of  air  to  suscep- 
ersons.  Forms  of  dysentery  and  certain  diseases  uf  the  liver, 
em  to  be  dae  to  conditions  largely  corresponding  with  those  of 

)i8eases  which  arise  in  somewhat  similar  couditious,  but  seem  to 
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of  a  typhoid  case  does  not  appear  to  convey  tlie  disease,  ap] 
excremental  matter  exposed  to  the  air.  Yellow  fever  seems  to 
conditions  somewhat  resembling  those  which  are  favorable  toe 
filthy,  damp  surfaces  in  great  heat — and  infects  the  air  in  the  i 
hood  of  its  growth,  especially  banks  of  rivers,  harbors,  holds  a 
of  ships,  and  dirty,  dark,  crowded  streets.  It  sometimes  iufe< 
from  a  patient.  These  three  saprophytic  or  semisaprophytic 
may  be  supposed  to  be  propagated  a  short  distance  from  plac* 
through  the  air  without  the  intervention  of  a  human  subject, 
never  been  known  to  be  carried  far  independently  of  humau  tra 
agency. 

(3)  Diseases  which  arise  from  deposits  of  organic  matter 
lungs  and  skin,  and  also  probably  from  other  excrementit 
Typhus  and  the  plague  may  be  named  in  this  class,  but  oil 
tions  of  filth  are  powerful  in  their  genesis.  Plague  is  both 
and  contagious,  and,  where  concentrated,  seems  to  be  capab 
ing  through  several  hundreds  of  yards  of  air.  Prolonged 
of  the  sick-room  air  both  in  plague  and  typhus  is  the  mos 
means  of  infection.  Damp,  alluvial  soils;  streets,  walls, 
with  damp  organic  deposits  sticking  to  them;  carcasses  i 
lying  unburied  around  houses;  in  these  situations  the  pla^ 
flourishes.  Diphtheria  arises  probably  from  somewhat  simi 
ing  places,  from  heaps  of  house  refuse,  from  middens,  d 
heaps,  and  polluted  ground,  floor,  and  walls,  and  is  transniitt 
distance  through  the  air,  probably  seldom  more  than  10  or 
It  is  very  often,  probably  in  the  majority  of  cases,  carried 
from  person  to  person  through  a  short  distance,  most  easil, 
close,  or  confined  air,  like  so  many  other  infections.  The 
fungus,  when  it  has  been  once  introduced,  sticks  to  certain  pli 
houses  and  damp  organically  polluted  sandy  soil  seem  to  fa 
is  improbable  that  it  is  ever  conveyed  far  from  place  to  pla< 
the  air  to  persons  except  by  humau  agency  and  the  moi 
domestic  animals.  Pneumonia  may  possibly  depend  on  som« 
ilar  conditions,  and  may  be  caught  by  one  person  from  anoth 
the  air.  Consumption,  phthisis,  or  tuberculosis,  depends  to  a 
extent  on  conditions  similar  to  those  of  typhus,  and  is  spre; 
the  air  a  short  distance  in  the  dried  matter  of  saliva  and  spi 

(4)  Scarlet  fever,  measles,  whooping  C(mgh,  influenza,  ai 
arise  from  conditions  outside  the  body  which  are  unknown, 
ing  organic  matter  may  provisionally  be  assumed  to  have 
original  breeding  ground.    They  are  now  almost  entirely 
on  transmission  from  person  to  person,  and  to  a  very  large 
transmission  througli  a  short  distance  of  air.    It  is  very  st 
these  maladies  are  caught  in  the  open  air,  so  that  the  medini 
mission  is  the  confined  and  more  or  less  foul  air  of  schoc 
churches,  and  theaters.    They  are  never  caught  in  isolated  p 


r  weeks  liiter  tbaii  on  tlit^  ma^inlaud.  Aiiotlier  island,  Alder- 
affected  early  by  intlueiiza  througli  the  examination  of  goods 
i-honaeoflicerK,  who  caught  the  infection  hoou  after  the  arrival 
lamer. 

IO>'   OF   SPREAD   AND   PREVALENCE   OP  VARIOl'S   MALADIRS. 

tion  iif  the  fl]>rend  of  these  rarioua  classes  of  disease,  the 
of  Home  and  the  extinction  of  others,  may  l>e  effected  by 
riii^r  means: 

iria  elan*. — Drainage,  eultivatioii,  planting,  proper  disposal  of 
[1  carcasses.  To  places  where  a  small  area  of  moist  grouiul  or 
rsh  gives  off  the  dangerous  exhalations,  the  surface  mi{rht 
n\  with  a  film  of  crude  petroleum  to  prevent  the  esca|ie  of 
H.  Other  experiments  on  the  treatment  of  the  surface  of  the 
ritli  antiseptic  mixtures  might  lead  to  vahiable  results. 
1  charcoal,  and  lime,  might  be  tried. 

era  clmi. — Proiier  disposal  of  refuse,  drainage  of  soil,  t^leaidi- 
airiness  of  streets,  houses,  ijuays,  ships;  prompt  disinfe(^tton 
ling  of  places  where  first  eases  occur;  i>reventioii  of  over- 
.  Where  any  damp  surface,  as  in  a  midden,  pool,  or  drain,  is 
I  of  giving  off  dangerous  emanations,  crude  petroleum  might 
effectof  imprisoning  the  germs  by  an  impervious  film.  Experi- 
i  needed  on  means  for  the  exclusion  of  living  organisms  from 
here  they  are  numerous,  by  treatment  of  the  surface  soil ;  also 
inces  iuhibitive  of  their  growth,  which  might  be  used  on  a 

lUB  i-Iati». — Tleantinftss  and  ffood  ventilation  of  dwelHnirs  stnd 
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glazed  ware,  glass,  or  metal,  and  the  floors  of  close,  hard  wood  or  eom 
mon  tiles.    The  bacteriological  examination  of  various  wall  aud  floor 
surfaces,  and  of  the  air  inclosed  within  them,  would  be  of  great  service 
with  a  view  to  the  prevention  of  organic  deposit  and  emanatioii& 

4.  Measles  class, — Cleanliness  of  surroundings  and  ventilation  m 
required  as  in  the  last  class.  Isolation  on  the  occurrence  of  the  first 
symptoms,  use  of  glazed  or  washable  materials  for  the  room  where  a 
case  is  treated  and  for  the  outer  clothing  of  attendants,  absence  of  car- 
pets and  hangings,  and  frequent  thorough  sweeping,  cleaning,  and  cur- 
ing would  greatly  reduce  the  number  of  centers  of  infection.  Whew 
many  people  work  or  meet  together,  the  air  must  be  kept  as  fresh  as 
possible.  Influenza  is  best  reduced  by  immediate  isolation  or  segre^ 
gation  of  the  first  cases  in  any  plaoe,  and  by  avoidance  of  meetings  in 
confined  spaces.  The  distance  of  air,  confined  and  oi)eu,  through  which 
various  infections  common  among  mankind  and  animals  can  pass  shooM 
be  determined  by  comparison  of  records  and  by  actual  experiments  od 
animals. 

The  eflfects  of  the  free  air  in  healthy  regions,  neither  very  low  nor 
very  high,  neither  very  hot  nor  very  cold,  may  be  summed  np  as 
supremely  beneficial  to  human  life  and  health.  The  most  healthy 
class  of  people  are  fishermen,  sailors,  and  gardeners,  yet  some  of  these 
are  affected  by  close  cabins,  aud  others  by  surrounding  zymotic  dis 
eases.  The  most  healthy  creatures  are  the  birds  and  wild  animals  io 
fairly  warm  climates,-  a  little  less  healthy  are  the  sheep  and  oxen  which 
are  never  stalled;  much  less  healthy  are  the  stalled  cattle  and  horses; 
least  healthy  of  all  the  higher  orders  of  living  beings  are  men  in  crowded 
places. 

The  conditions  of  greatest  security  against  endemic  and  infections 
diseases  are  also  the  conditions  which  conduce  most  to  robustness, 
physical  and  mental  vigor,  and  enjoyment.  Outdoor  life  with  sufficient 
work  or  exercise  can  not,  with  impunity  to  the  race,  be  forsaken  for 
purely  intellectual  and  sedentary  pursuits. 

IMPORTANCE  OF  FRESH  AIB  TO  HORSES  AND  CATTLE. 

Mr.  l^^red.  Smith,  professor  of  the  Army  Veterinary  School  at  Aider- 
shot,  has  shown  the  great  importance  of  fresh  air  to  horvses  rn  stables. 
The  air  of  buildings  in  which  animals  are  kept  has  received  very  little 
attention  except  in  the  army,  but  the  results  obtained  by  better  venti 
lation  wherever  tried  are  remarkable.     Warmth  derived  from  theani 
mals  only,  in  a  cowshed  or  stable,  is  eviden3e  of  foul  air;  ventilation 
should  be  by  good-sized  opposite  windows,  and  by  roof  ridge  exits;  and 
if  necessary,  artificial  heating  should  be  employed.    Cubic  capacity 
per  head  should  be  1,600  feet.    The  majority  of  preventable  diseases 
among  animals  are  traceable  to  food  and  feeding,  but  <' certainly  next 
to  this  comes  impure  air."    By  good  ventilation  and  care  for  cleanliness 
glanders  has  been  entirely  got  rid  of,  a  disease  from  which  hundreds 


of  siege. 

t  iuspectioii,  as  regards  some  of  the  worst  auimal  diseases,  it  is 
sible  to  estiiiiate  too  liighly;  for  iastam-e,  in  the  years  u|i  to  1886 
umlier  of  cases  in  Great  Britain  of  foot-and-mouth  diseitse  was 
149;  since  that  year  almost  the  only  cases  occurring  have  been 
which  had  escaped  detection  at  |>ortH  in  a  very  tew  instances,  and 
n  other  <-aHes  which  ha<l  been  in  their  proximity.  All  these  were 
]  atid  most  severely  isolated,  so  that  the  country  is  saved  from 
agricDltural  disasters  by  the  constant  vlgilauce  of  the  central 
K)rt  autboriticH.  Since  many  animal  diseases,  including  tubercu- 
glanders,  foot-and-mouth  disease,  anthrax,  actiDomycosis,  scarlet 
(a  slight  eruption  in  the  cow),  and  diphtheria,  are  transmissible 
tokind  (some  of  them,  but  to  a  very  small  degree  so  far  as  is 
D,  through  the  air  in  proximity),  the  immunity  of  animals  from 
»e  concerns  not  only  the  wealth,  but  the  health  of  the  community. 
ber  inquiry  is  needed  as  b>  the  trausmissibllity  of  horse  influenza 
pneumonia  through  the  air,  and  as  to  the  connection,  if  any,  of 
'■  with  human  maladies  of  a  like  character. 

INFLUENCE  OP  CLIMATE  OM  HEMTAL  AND  PHYSICAL  QUALITIES 
AND  ON  NATIONAL  HEALTH. 

le  iofluence  of  atmospheric  qualities  aiwn  the  bodily  constitution 
health,  ui>on  the  mind,  and  upon  the  enjoyment  of  life,  is  eminently 
hy  of  consideration.  When  we  come  to  examine  closely  into  the 
ifbld  causes  which  contribute  toward  hnman  happiness,  we  find 
apon  the  whole,  comparing  acclimatized  races,  the  diSereuces  in 
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intellectual,  healthy,  and  progressive  people  of  the  world  are  those 
which  inhabit  the  temperate  zones.     Within  the  tropics  the  strongest 
and  most  energetic  peoples,  bodily  and  mentally,  are  those  linog 
in  the  mountains  or  at  high  altitudes.    The  inhabitants  of  low  groond 
in  hot  climates  are  inclined  to  be  listless,  uninventive,  apathetic 
and  improvident.    They  live  for  the  day,  shut  their  eyes  on  the  fataie, 
and  have  a  leaning  toward  fatalism.    An  equable  high  temperatare 
with  much  moisture  weakens  body  and  mind,     ^o  long-est^iblished 
lowland  tropical  race  is  a  conquering  race  in  the  widest  sense  of  the 
term,  or  forward  in  the  march  of  intelligence.    Bat  certain  nations  hare 
the  power  of  resisting,  at  any  rate  for  a  long  time,  the  enervating 
influence  of  a  moist,  warm  climate,  with  the  malarious  fevers  which 
commonly  belong  to  it.    The  Arabs  and  Chinese  evince  extraoidinaiy 
power  in  this  respect.    The  Arabs  not  only  thrive  in  their  own  liot,dry 
country,  but  on  the  coast  and  in  the  interior  of  Africa,  where  the 
negroes  are  driven  like  sheep  before  them.    The  Chinese  make  excellent 
and  most  industrious  laborers,  even  in  the  climate  of  Java,  Sumatia, 
and  Borneo,  and  where  neither  Malays  nor  Europeans  i^ersist  iu  the 
hard  work  of  cultivation.    Their  fare  is  rather  scanty,  and,  as  a  rule, 
entirely  vegetable.    The  Italians  and  Spaniards,  again,  can  withstand 
hot  climates  better  than  most  Europeans.    The  Spaniards  have  greatly 
multiplied  in  Cuba,  the  Portuguese  do  not  desert  the  oppressive  forest 
regions  of  Brazil.    The  natives  of  the  South  of  France  thrive  in  Algeria 
better  than  natives  of  the  North  of  France.    On  the  other  haud,  the 
people  of  northern  Europe,  if  they  do  not  themselves  suffer  much  in 
the  tropics,  rapidly  degenerate,  and  the  race  either  becomes  extinct  or 
greatly  enfeebled  in  a  few  generations.    In  Java,  Europeans  do  not 
live  beyond  three  generations.    It  was  shown  many  years  ago  by  a  dis- 
tinguished lady,  and  has  now  to  some  extent  been  long  recognized  by 
military  and  civil  authorities  in  India,  that  a  very  large  part  of  the 
excessive  British  mortality  in  India  was  owing  in  the  first  place  to 
removable  insanitary  conditions,  and  in  the  second  place,  to  faulty  diet 
and  personal  habits.    The  realization  by  the  gov^erning  authorities  of 
the  true  and  possible  conditions  of  living  in  a  hot  climate  has  led  to  a 
large  reduction  in  the  rates  of  sickness  and  death.    Stokvis  has  shown 
how  in  recent  years  Europeans  have  lived  much  better  than  formerly 
in  the  tropics.     Even  children  to  the  number  of  one  hundred  or  more, 
from  the  age  of  infancy  to  the  age  of  18  have  grown  up  well  in  an 
institution  in  Calcutta,  where  they  were  carefully  tended.     Theimproper 
and  excessive  consumption  of  animal  tiesh,  spirits  and  beer,  and  the 
disregard  of  simjile  hygienic  rules,  still  continue  to  give  to  climate  an 
ill  name  which  fairly  belongs  to  habit.    Making  full  allowance,  bow 
ever,  for  these  preventable  causes  of  disease  and  degeneration,  the  fact 
remains  that  children  can  only  with  difficulty  grow  to  due  strength  and 
capacity  in  the  climate  of  India  and  the  lowland  tropics  generally.   They 
begin  to  flag  after  their  fourth  year.    Common  experience  demonstrates 
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lie  impracticability  of  coloniziD^  the  equatorial  zone  with  the  races 
>f  the  cooler  teini)erate  regious.  Even  the  high  statious  on  the  hills, 
where  the  temperature  may  not  be  above  that  of  the  home  country, 
are  not  sufficiently  favorable  to  the  continuance  of  the  family  and  to 
permanent  settlement.  The  air,  though  cool  at  night  and  agreeably 
varu)  by  day,  is  somewhat  too  much  rarefied,  and  the  sun  shines  verti- 
cally. At  7,500  feet  the  pressure  and  density  of  the  air  are  lessened 
by  one-fourth,  and  the  sun's  heat  increased  by  many  degrees. 

Aiistraha  is  not  yet  proved  to  be  equal  to  the  Mother  Country  as  a 
|iermanent  home  for  the  Anglo-Saxon  race;  indeed,  there  is  some  evi- 
dence that  the  British  standard  is  not  maintained,  but  this  is  largely 
aceoauted  for  by  causes  which  may  be  considered  within  human 
control. 

Hot  chmates  are  not  favorable  to  emigrants  above  44  years  of  age  or 
to  children  under  16,  and  field  labor  can  not  well  be  undertaken. 

While  Europeans  visiting  hot,  moist  climates  are  apt  to  be  attacked 
in  the  bowels,  the  inhabitants  of  hot  climates  visiting  Europe  and 
North  America  are  especially  attacked  by,  and  often  succumb,  to  dis- 
eases of  the  respiratory  organs.  The  cold  countries  are  unfavorable 
to  the  establishment  of  tropical  races.  A  similar  relation  seems  to 
hold  here  between  cold  and  respiratory  diseases  and  heat  and  bowel 
diseases,  as  we  have  seen  to  prevail  in  winter  and  summer  in  temperate 
cUinateB,  but  the  effect  is  accentuated  when  the  subject  is  unacclima- 
tized.  That  the  natives  of  troxjical  Africa  can  increase  and  multiply 
in  sabtropical  or  moderately  warm  climates  is  proved  by  their  increase 
in  the  Soathern  States  of  North  America. 

Tropical  islands  are  not  in  general  well  adapted  for  colonization  by 
Doithern  Europeans,  for  though  their  climate  is  more  moderate  than 
that  of  the  mainland  and  tempered  by  sea  breezes,  fever  often  infects 
tLe  valleys,  and  the  moisture  of  the  atmosphere  has  a  relaxing  influ- 
ence.   But  many  islands  not  considered  wholesome  would  be  far  more 
congenial  if  proi>er  hygienic  measures  were  taken  and  the  most  suit- 
able food  and  clothing  habitually  used.    The  Sandwich  Islands  are 
^Forable  for  settlement,  and  may  be  compared  with  tropical  highlands 
of  moderate  elevation. 

The  most  remarkable  instance  of  the  permanent  settlement  of  English 
)eople  in  the  tropics  is  that  of  the  inhabitants  of  the  Barbados  and  of 
I'nagua,  one  of  the  Bahama  Islands.  The  former  are  descendants  of 
ebels  sent  from  England  for  slavery  between  lOoO  and  1700.  They 
ave  survived  through  conditions  of  great  misery  and  severe  exposure. 
Tie  islanders  are  now  chiefly  occupied  in  fishing.  Deterioration  there 
a8  been,  but  this  may  fairly  be  ascribed  to  poverty  and  improper  food 
ither  than  to  climate.  In  Tuagua  the  peoi)le,  some  of  whom  belonged 
>  families  settled  there  since  the  time  of  Charles  IF.  appear  to  he — 
laintained  somewhat  better  health  and  physique. 
It  is  noteworthy  how  in  some  circumstances  a  seemingly  small  ch 
f  climate  does  harm  or  good  and  in  others  a  very  great  change  1 
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ill  effects.  luvigoration  immediately  follows  a  cbauge  from  soutbcm 
Eugland  to  the  Alps,  the  Scotch  Highlands,  Norway,  or  the  open  sea; 
a  change  for  the  worse,  and  loss  of  vigor  overtakes  natives  of  the  north 
of  England  or  of  Scotland  who  fix  their  abode  in  the  Thames  Vall^ 
or  near  cities  in  the  south.  On  the  other  hand,  English  crews  may 
winter  in  the  Arctic  regions,  where  temperature  is  60  degrees  below 
what  they  are  accustomed  to,  and  diet  coarse  and  unvarying;  yet  tbej 
maintain  perfect  health.  Food  untainted  and  moderate  in  quantity  '. 
and  abstinence  from  alcohol  probably  have  much  to  do  with  health 
maintenance  in  any  climate. 

Temperature  falls  about  1°  F.  for  every  270  feet  altitude  on  the  aver- 
age.' Other  conditions  being  equal,  a  place  at  6,000  feet  high  has  a 
temperature  fully  20^  lower  than  the  plain  at  the  sea  level. 

Generally,  the  range  of  temperature  increases  from  the  equator 
toward  the  poles,  from  the  coast  toward  the  interior,  and  from  mono- 
tains  in  the  tropics  to  mountains  in  northern  countries.  Humidity  is 
less  at  high  levels,  but  relative  humidity  may  be  greater  than  at  lev 
levels,  and  saturation  may  prevail  for  long  periods.  In  Europe  the 
level  of  maximum  rainfall  is  about  3,000  to  4,000  feet;  in  the  tropioS) 
also,  the  lesser  mountain  ranges  have  more  rain  than  the  highest,  and 
the  maximum  rainfall  is  about  6,000  feet.  Mountain  valleys  are  less 
healthy  than  high  plateaus. 

The  ''  vital"  or  lung  capacity  diminishes  from  about  266  to  246 cable 
inches  in  the  ascent  from  sea  level  to  2,000  feet,  and  the  pulse  heats 
faster  by  fifteen  to  twenty  in  the  minute.  At  2,000  feet  the  pressureof 
air  on  the  chest  is  reduced  by  over  200  pounds.  Since  vital  capacity  is 
also  diminished  by  high  temperature,  the  hill  station  can  not  eqaal  iu 
this  respect  the  temperate  climate,  but  there  is  reason  to  believe  that 
the  lung  capacity  increases  in  course  of  time  so  as  to  be  fully  equal  to 
its  value  at  the  low  level.  Evaporation  from  the  skin  and  langs 
increase,  and  digestion  and  sleep  are  generally  good. 

Strength  is  naturally  greater  in  hill  people.  Life  is  hard,  and  the 
weaker  members  perish;  the  pure  air  invigorates;  the  changes  of  tem- 
perature refresh;  good  water  is  plentiful;  the  exertion  of  climbing  and 
the  deep  breathing  expand  the  chest  and  increase  the  lung  capacity; 
the  food  is  wholesome  and  not  in  excess;  activity  and  alertness  are  gen- 
erally expected.  On  the  other  hand,  in  high  mountain  valleys  malaria 
is  often  found,  also  goitre,  asthma,  ophthalmia,  inflammation  of  the 
lungs,  and  diseases  of  the  kid  ney s.  Dysentery,  acute  bronchial  catarrh, 
typhus,  albuminaria,  and  diabetes  are  rare;  also  the  many  zymotic  and 
other  diseases  more  or  less  dependent  on  aggregation. 

In  a  period  of  thirty-four  years  the  mortality  of  the  Dnteh-indian 
army  was,  on  low  ground,  5.27  per  cent,  on  high  ground,  3.66  per  cent 


'  Thedecrejuje  would  be  less  than  this — about  1  degree  for  each  400  feet,  up  to  1,000 
feet. 


nes  of  the  Aryan  race,  or  of  any  higher  race  whatsoever.  Tliere 
no  doubt  that  mental  and  bodily  qualities  are  very  "largely 
i  by  the  atmosphere,  with  its  various  constitution  of  density, 
ature,  moisture,  cloudiness,  fog,  wind,  and  organic  pollution, 
led  investigation  of  the  effect  of  climate  upon  human  health  and 
)  would  lead  to  results  of  the  highest  importance.  The  inquiry 
[)e  directed,  in  the  first  place,  to  an  historical  examination  of  the 
ents  of  nations,  races,  tribes,  and  individuals,  and  of  the  effect 
hem  of  change  of  climate,  separating  as  far  as  i)ossible  the 
due  to  preventable  circumstances  apd  change  of  habits,  from 
which  might  be  regarded  as  necessary  in  the  relations  of  the 
iheric  and  the  human  constitution. 

ndly,  the  fitness  of  various  races  for  removal  to  various  climates 
modern  conditions  might  be  examined,  and  the  effects  of  tropical 
ids  be  compared  with  those  of  lowlands. 

u  we  recollect  the  evil  reputation  of  many  localities  and  climates 
in  the  first  half  of  this  century  were  spoken  of  as  deadly,  and 
re  cxmsider  that  these  have  lost  their  bad  name  solely  by  the 
B  of  local  and  personal  hygiene,  we  can  not  despair  of  the  power 
for  reducing  the  unhealthiness  even  of  large  areas  and  tropical 
8.  Last  century  a  troopship,  a  prison,  and  a  barrack  may  each 
lly  have  rivaled  the  worst  tropical  country  in  sickness  and 
ty;  to-day  they  are  as  healthy  as  a  country  village;  the  prison, 
is  a  model  of  salubrity. 

act  has  been  extensively  realized  that  cultivation  and  draining 
en  do  for  a  pestilential  tract  what  cleanliness  and  ventilation 
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the  possibility  of  the  revival  of  plague  through  irrigation  can  not  be 
lost  sight  of.  What  malaria  means  in  India  is  best  realized  by  a  glance 
at  the  mortality  statistics,  which  show  that  3,000,000  natives  annually 
fall  victims  to  this  most  fatal  of  all  endemic  diseases,  and  we  knov 
that  where  one  dies  many  are  enfeebled  for  life. 

Looking  at  the  available  evidence,  we  may  fairly  infer  (1)  that  tbe 
inhabitants  of  temperate  climates  are,  on  the  whole,  intellectualh  and 
physically  superior,  and  that  they  owe  this  position  largely  to  atmos 
I>heric  conditions;  (2)  that  in  the  tropics  and  commonly  in  the  temper 
ate  zone  the  inhabitants  of  the  mountains  are  physically  the  strongest; 
(3)  that  tropical  countries  are  not  favorable  for  rapid  permanent  coloui- 
zatiou  by  the  races  of  northern  Europe  and  of  the  Northern  States  of 
America;  (4)  that  the  maintenance  of  healthy  conditions  in  persons 
passing  from  one  kind  of  climate  to  another  very  different  climate 
depends  to  a  great  extent  on  the  observance  of  hygienic  methml  anda 
change  of  habit,  but  also  on  the  time  taken  to  make  the  move,  rapidity 
of  transition  being  inimical  to  health;  (5)  that  tribes  or  races  have 
moved  from  hot  to  cold,  and  cold  to  hot  climates,  occupying  centuries 
or  thousands  of  years  in  their  progress,  and  have  not  invariably  saf 
fered  or  degenerated,  and  that  therefore,  and  on  other  grounds,  it  is 
probable  that  fairly  healthy  hot  or  cold  countries  may  in  the  course  of 
centuries  be  colonized  by  races  which  have  successively  and  slowly 
occupied  lands  warmer  or  colder  than  their  own ;  (0)  that  people  long 
subject  to  extreme  variations  of  temperature,  as  between  winter  and 
summer,  and  day  and  night,  are  better  able  to  colonize  than  those  who 
are  subject  to  more  uniform  temperature. 

MODK  OF  ATTACK  OF  MIASMATIC  DISEASES. 

It  is  very  desirable  that  the  various  diseases  which  afiect  the  inhabit- 
ants of  moist  countries  in  tlie  tropics  should  be  traced  to  their  original 
haunts,  and  their  favorite  channel  of  communication  be  ascertained. 
Is  the  condition  known  as  tropical  anaemia  mainly  a  result  of  tempera 
ture  or  of  an  emanation  from  the  soil  in  the  airf    Are  dysentery,  diar- 
rhea, hepatitis,  and  liver  disease  due  mostly  to  organisms  swallowed 
in  food  or  drink,  or  inhaled  in  the  air  overlying  soil  rich  in  organic 
matter,  or  are  they  produced  by  merely  physical  properties  of  tlie 
atmosphere  Jicting  on  imperfectly  healthy  bodies,  by  means  of  over- 
fatigue, insolation,  or  chill?    It  appears  likely  that  both  air  and  wat<?r 
are  capable,  in  the  case  of  several  tropical  diseases,  of  conveying  tbe 
poison.    Thus,  at  Sierra  Leone,  improved  water  lowered  the  death  rat<, 
but  it  still  remains  high ;  in  the  villages  of  the  Najagarrh  hills  in  India, 
a  drain-cut  reducing  the  Hood  level  by  3  feet  greatly  improved  tbe 
health  of  the  people,  and  sjdenic  enlargement  cases  were  reduced  to 
less  than  one-sixth  of  their  former  prevalence;  in  the  canal -irrigated 
country  in  India  fever  is  both  more  i)revalent  and  more  virulent,  and  a 
great  difference  in  the  health  of  the  i)eople  is  observed  between  places 
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fhere  the  water  level  is  high  and  where  it  is  low;  the  mere  iieighbor- 
lood  of  a  swamp,  without  any  pollution  of  water  supply,  is  often  suffi- 
sient  to  prostrate  troops.  There  can  indeed  be  no  doubt  that  air 
nfected  from  the  ground  very  commonly  causes  a  widespread  epidemic 
of  malaria.  When  the  waters  of  a  flood  subside,  the  fever  extends 
over  a  wide  area  and  beyond  the  limits  of  the  flood;  and  exposure  to 
nigiit  air  without  any  other  source  of  contamination  is  a  frequent  cause 
of  fever  even  to  the  robust.  Considering  the  large  number  of  varieties 
of  bacilli  residing  in  mold  and  in  damp  earth  covered  by  sand,  the 
relation  of  diseases  to  the  air  and  vapor  emanating  from  the  ground  is 
a  subject  worthy  of  national  or  international  research. 

All  over  the  world  there  are  indications,  if  not  such  evidence  as 
amoants  to  proof,  that  where  the  air  stagnates  or  is  confined  in  valleys 
irithont  exposure  to  frequent  winds,  the  condition  of  robust  health  in 
ft  population  is  not  well  maint  ained.  In  certain  valleys  of  Switzerland, 
of  the  Pyrenees,  of  Derbyshire,  in  England,  and  of  parts  of  India 
goiter  and  cretinism  have  been  common;  in  low-lying  clay  districts  in 
England  cancer  has  been  shown  to  be  prevalent  above  the  average,  and 
in  limestone  or  chalk  districts  to  be  below  the  average.  Valleys  lying 
across  the  direction  of  the  prevailing  wind  and  not  well  ventilated  are 
liable  to  an  excess  of  heart  disease.  Whether  these  effects  are  in  any 
degree  doe  to  stagnant  or  miasmatic  air  or  wholly  to  difference  in  the 
water  supply  it  is  uncertain,  and  the  subject  demands  inquiry. 

Climate  has  oft^n  been  credited,  even  by  great  writers,  with  effects 
on  the  human  constitution  which  statistics  have  failed  to  indicate. 
Most  people  have  supposed  that  suicide  in  England  must  be  most  fre- 
qnent  in  November  or  in  winter  when  the  dark  foggy  air  depresses  the 
splits.    As  a  matter  of  fact,  however,  in  England  and  in  Europe,  as  a 
whole,  suicides  are  most  frequent  in  the  summer  half  of  the  year,  and 
especially  in  May  and  June,  when  the  aspect  of  nature  is  most  cheer- 
ftl  and  the  air  bright  and  pleasant.    A  very  distinct  and  considerable 
n'se  in  suicides,  crimes,  and  nervous  diseases  takes  place  in  the  spring 
^nd  early  summer.    The  first  cold  weather  in  autumn  produces  a  tem- 
porary and  smaller  increase.    Montesquieu  assumed  that  the  number 
)f  suici&es  is  excessive  in  England,  and  attributed  them  to  depression, 
aused  by  the  dark,  cold,  damp  climate.    As  a  matter  of  fact,  the  sui- 
ides  in  England  are  not  excessive  when  compared  with  France  and 
entral  Germany,  and  the  climate  is  not  often  dark  and  damp  for  long 
eriods.    Esquirol  and  Oabanis  asserted  that  a  rainy  autumn  following 
dry  summer  is  productive  of  violent  deaths;  Vilem.ais  maintains 
lat  nine-tenths  of  suicides   happen  in  rainy  and  cloudy  weather, 
uite  a  different  order  of  things  is  revealed  by  a  comparison  of  the 
gnres  for  suicide,  and  especially  for  the  suicide  of  insanity,  for  the 
ififerent  months.    The  quick  increase  of  the  temperature  of  the  air, 
le  dryness  and  sunshine  of  the  spring  have  the  effect  of  precipitating 
ental  alienation  and  increasing  nerve  instability;  the  organism  is 
ast  robust  when  the  winter  passes  away. 
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Saicide  predominates  in  the  central  part  of  Europe  between  latitades 
47  and  57  and  longitudes  20  and  40.  In  the  southwest  and  northeast 
of  Europe  the  tendency  is  much  less.  Italy,  Spain,  and  Portugal  have 
a  minimum  number.  The  distribution  appears  to  be  little  affected  by 
climate,  and  very  largely  by  jnental  advance  and  cultivation,  so  that 
the  climatic  factor,  if  existent,  is  concealed.  But  there  is  safficieut 
reason  in  Europe,  at  least,  to  attribute  an  excess  of  nervous  diseases 
when  other  conditions  are  equal  to  periodic  hot  and  dry  weather  and 
alternations  of  heat  and  cold.  Countries  either  very  hot  or  very  cold 
are  less  subject  to  suicidal  tendencies  than  the  temperate  region.  Bat 
inquiry  is  needed  to  dissociate  the  climatic  factor  from  the  many  others 
which  confuse  the  evidence  in  civilized  countries. 

The  influence  of  climate  upon  health  and  upon  national  character 
has  never  been  very  fully  studied,  and  is  worthy  of  the  attention  of 
Government  and  of  science.  The  effect  of  change  of  climate  has 
already  been  touched  upon  in  another  part  of  this  essay. 

The  degree  of  cold  which  the  human  body  can  easily  bear  is  surpris- 
ing.   A  temperature  of  —  70^  F,  w^ith  a  dry  and  still  air  is  less  trying 
than  a  temperature  of  20^  with  damp  and  strong  wind.    The  present 
writer  has  had  experience  on  a  mountain  in  Italy  of  a  temperat^ire  of 
170  F.,  with  sunshine,  which  was  quite  pleasant  and  not  too  cold  for 
sitting  out.    Even  invalids  can  sleep  with  windows  open  and  sit  out, 
without  very  hea\'y  clothing,  when  the  thermometer  shows  several 
degrees  of  frost.    The  purity  of  the  air  as  well  as  the  dryness  seems 
to  invigorate  the  frame  and  prevent  the  sensation  of  chill.    Yoyagers 
in  the  Arctic  regions  endure  prolonged  cold  without  in  any  way  suffer- 
ing in  health  if  judicious  in  their  mode  of  life,  and  mountaineers  are 
seldom  the  Avorse  for  exposure  unless  they  have  greatly  fatigued  them- 
selves or  have  been  overtaken  by  rain  or  snow.    The  tolerance  of  heat 
is  also  very  remarkable  where  the  air  is  dry  and  pure  and  direct  sun- 
shine avoided.    The  temperature  of  the  body  rises  about  0.05°  F.  for 
every  increase  of  1^  F.  above  the  ordinary  t-emperature.    The  amount 
of  air  respired  is  less  in  hot  than  cold  climates,  in  the  proportion  of 
8.157  to  10  ounces  of  carbon.    The  total  effect  of  heat  and  of  cold  on 
the  human  body  has  never  been  fully  investigated.    The  net  result, 
however,  of  a  very  complex  series  of  changes  induced  by  different  tem- 
peratures on  the  inhabitants  of  different  lands  seems  to  show  that  a 
moderate  or  medium  temperature  is  most  favorable  to  health  and 
strength,  apart  from  telluric  and  constitutional  factors,  and  from  diet, 
training,  and  habits.     Yet  there  can  be  no  doubt  that  some  rat^c  of 
mankind  may  attain  very  great  strength  and  health  in  any  nonmala- 
rious  climate. 


a  increases  tbe  prevalence  of  several  diseases,  aud  with  diouglit 
its  the  death  rate  in  towns  aud  damp  places.  Diarrhea  becomes 
eiit,  aud  ill  lesH  degree  scarlet  fever  aud  diphtheria.  Diseasesof 
beHtioes  increase.  Cold,  dry,  stilt  weather  is  generally  healthy 
in  towns,  and  to  old  people,  and  to  persons  whose  luugH  are 

e.  A  cold  winter  in  temperate  climates  increases  the  death  rate, 
mild  winter  is  healthy  nt  northwestern  Europe.     Influenza,  pueu- 

and  bronchitis  aie  more  fatal  iu  cold  weather.  Diseases  of  the 
>tort-  system,  heart  disease,  and  phthisis  are  at  their  maximum  of 

f.  Cold,  clear,  still,  frosty  weather  is,  on  the  whole,  healthy  aud 
less  fatal  iu  towns  than  cold  with  fog. 

most  favorable  temperature  to  health  in  temperate  climates  is 
j5°  to  70°  on  ail  average;  natives  of  the  tropics  probably  thrive 
I  »  temperature  of  about  (W^  to  80°, 

DRY    CLIMATES    AND    HEALTH. 

treiinlally  dry  air  is  almost  universally  favorable  to  hnman  life, 
yjifcss  in  a  sparsely  inhabited  aud  well-watered  conutry  is  wliole- 

I  several  ways,  esitecially,  perhaps,  in  its  preventive  ettect  on 
lie  and  lung  diseases.    In  towns,  dry  weather  without  showers 

II  less  favorable,  in  fact  it  is  distinctly  unfavorable.  Yery  damp 
iny  countries  with  moderate  temperature  are  often  healthy;  for 
le,  western  Ireland,  western  Scotland,  Cornwall,  and  the  lake 
;  of  England.  The  deaths  from  consumption,  etc.,  are  much 
in  these  districts  than  in  the  drier  districts  which  are  more 

inhabitetl,  though  not  less,  i)erhaps,  thau  in  equally  sparsely 
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probably  is,  partly  due  directly  to  tbe  dry  air  which  does  not  permit 
the  growth  of  the  bacillus  on  solid  substances  or  soil,  but  must  also  be 
attributed  to  the  migratory  habits  of  the  people,  the  outdoor  life,  and 
the  absence  of  centers  of  infection.  Arabs,  wlio  were  exempt  from 
phthisis  and  scrofula  in  their  camps,  died  at  the  rate  of  50  per  cent 
when  they  were  located  in  French  prisons.  This  is  only  one  of  many 
instances  which  go  to  prove  that  the  infective  matter  of  consumption 
clings  to  solid  surfaces  and  thence  invades  the  human  system  through 
confined  air. 

HEALTH   AT   HIGH  ALTITUDES. 

The  effect  of  living  at  high  altitudes  has  been  variously  stated,  but  on 
the  whole  it  seems  probable  that  most  persons  become  acclimjitized  to 
the  rarity  of  the  air,  diminished  pressure,  lower  temperature,  lessened 
humidity,  and  increased  sun  power.  Above  G,000  feet  the  pnlse  and 
respiration  rates  are  slightly  increased.  Dr.  Marcet  gave  as  the  chief 
outcome  of  several  years'  experiments  on  the  amount  of  carbon  dioxide 
and  air  expired  at  high  altitudes  the  following  statements:*  The  effect 
of  altitude  and  cold  ('ombined  increases  the  amount  of  carbon  dioxide 
expired,  but  where  the  cold  does  not  become  appreciably  greater^son 
the  Peak  of  Teneriffe,  the  amount  remains  the  same  as  at  the  sea  level 
At  altitudes  above  10,000  feet  the  amount  is  lessened.  Less  air  is 
expired  at  high  altitudes.  It  appears  that  the  blood  more  readily 
acquires  oxygen  at  high  altitudes  than  near  the  sea  level.  The  bodj 
can  gradually  accommodate  itself  to  altitudes  mu(!h  above  10,(K)9feet 
Eecent  laboratory  experiments  by  Dr.  Loewy  showed  that  the  diminu 
tion  of  air  density  and  pressure  to  about  17.717  inches  is  well  borne, 
greater  rarefaction  being  balanced  by  deeper  inspiration.  A  similar 
compensation  occurs  when  carbon  dioxide  is  added  to  the  air.  Animals 
breathing  air  rarefied  to  half  an  atmosphere  eject  the  same  amount  of 
blood  from  the  heart  as  under  normal  pressure. 

The  expansion  of  the  chest  and  increased  action  of  the  heart  add  to 
strength  and  vigor,  and  the  mountain  races,  with  the  exception  of  peo- 
ple living  in  deep  or  flat  valleys,  are  generally  fine  in  build.  In  the 
trofucs,  Quito  is  an  example  of  a  large  population  doing  well  at  aheight 
of  10,000  feet.  For  some  forms  of  consumption,  consumptive  tendencies, 
and  several  other  diseases,  such  as  auiemia,  altitude  is  beneficial;  for 
others,  including  nervous  irritability  and  heart  weakness,  it  is  harmfal. 
The  elements  which  are  concerned  in  these  effects  have  not  been  identi 
ficd.  For  old  people  and  those  who  can  not  take  much  exercise,  mountalQ 
heights  are  clearly  not  well  adapted. 

SEA   AIR  AND   HEALTH. 

Sea  air  is  very  beneficial  to  the  great  majority  of  people,  and  has  a 
wonderful  restorative  power  in  many  ailments  and  illnesses.     It  is  free 


'  Proc.  Roy.  8oc.,  1878,  1879. 


ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.      289 

rom  all  kinds  of  infective  germs,  and  therefore  epidemic  diseases  are 
inknown  at  sea,  except  in  so  far  as  they  arise  from  the  material,  pro- 
risions,  or  water  of  the  ship,  or  have  been  brought  on  board  by  crew  or 
lassengers.  Much  of  the  benefit  which  would  otherwise  be  derived 
Trom  a  sea  voyage  is  often  counteracted  by  the  small  space  and  diffi- 
culties of  ventilation  of  sleeping  berths  and  cabins.  The  temperature 
if  the  tropics  has  a  bad  effect  upon  the  crew  and  passengers  of  ships 
fTom  colder  climates,  and  loss  of  weight  results;  but,  in  general,  the 
weight  and  strength  of  passengers  are  increased  by  voyaging  in  a  fair 
slimate.  Much  depends,  of  course,  upon  the  accommodation  and  diet, 
is  well  as  upon  the  atmospheric  conditions. 

THE  IMPROVEMENT  OF   CLIMATE   WITH   SLIGHT  ELEVATION. 

From  a  certiiin  number  of  experiments  and  from  a  review  of  observa- 
tions taken  by  meteorologists  of  differences  between  temi)erature  and 
humidity  at  different  heights  above  the  ground,  the  present  writer 
came  to  the  following  conclusions,^  shortly  stated : 

Tlie  mean  temperature  at  a  height  of  about  100  feet  above  the 
groimd  does  not  differ  sensibly  from  the  mean  temperature  at  5  feet, 
but  seems  to  be  slightly  in  excess. 

The  means  of  daily  maxima  at  heights  of  G9  and  128  feet  fall  short 
of  the  mean  maxima  at  10  feet,  and  still  more  of  the  maxima  at  4  feet. 
The  means  of  daily  minima  at  the  greater  heights  exceed  the  mean 
minima  at  the  smaller  heights. 

There  is  a  certain  altitude,  apparently  about  150  feet  above  the 
ground,  at  which,  while  the  mean  temperature  is  equal  to  that  at  4  feet, 
the  maxima  are  lower  and  the  minima  higher  than  at  any  lower  i)oint. 

On  an  average  of  nineteen  months,  the  mean  of  maxima  was  about 
1^5^  F.  lower  at  128  feet  10  inches  than  at  10  feet,  and  the  mean  of 
minima  about  0.55^  higher. 

In  cyclones  the  higher,  and  in  anticyclones  the  lower,  points  gen- 
rally  have  the  lowest  mean  temperature. 

The  mean  night  temperature  is  always  highest  at  the  higher  points, 
id  the  mean  day  temperature  always  lowest. 

About  sunset  in  clear  or  foggy  weather,  when  calm,  temperature  falls 
3ch  faster  near  the  ground  than  at  some  height  above  it. 
Equality  of  lower  and  upper  temperature  seems  to  occur  about  two 
urs  before  sunset  and  after  sunrise,  but  varies  with  the  season. 
In  clear  weather  and  low  fogs,  between  sunset  and  sunrise,  tempera- 
re  is  always,  or  nearly  always,  higher  at  heights  varying  from  50  to 
[>  fe<*t  above  the  ground  than  at  heights  from  2  to  22  feet. 
In  bad  weather  the  higher  points  are  coldest  by  day  and  night.     In 
rgy  weather,  especially  with  ground  or  radiation  fogs,  t/cmperature 
very  much  the  lowest  near  the  ground,  and  within  the  fog  much 
«rer  than  above  it. 


'  Trans.  Sanit.  Inst,  of  Great  nritain. 
8M  96 19 
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The  mean  daily  range  at  128  feet  approaches  closely  that  of  tbe  | 
English  seacoast,  and  at  69  feet  is  about  midway  between  that  of  coast  \ 
and  inland  stations.  I 

Mean  humidity  is  more  than  1^  less  at  69  and  128  feet  than  at  10 
feet  surrounded  by  trees.  Humidity  by  day  is  a  little  greater,  by 
night  much  less,  2^  or  S^. 

Places  on  hills  or  slopes  from  150  to  700  feet  above  a  jilain  or  valley, 
especially  with  a  southern  aspect,  have  a  much  smaller  annual  range, 
and  also  a  smaller  daily  range  than  places  on  the  flat.  At  54o  feet  a 
superiority  of  12°  or  13°  in  the  extreme  minimum  has  been  registered. 
Thus  we  find  that  at  a  height  about  equal  to  that  of  the  upper  rooms 
of  a  high  house  a  more  equable  and  drier  climate  prevails  than  near 
the  ground,  and  that  conditions  on  sloping  or  well-chosen  natoral 
elevations  are  on  the  whole  similar. 

The  importance  to  delicate  persons,  and  indeed  to  the  majority  of 
people,  of  living  at  some  height  above  the  ground,  especially  in  plaees 
which  are  damp,  subject  to  fog,  or  to  unwholesome  emanations  from 
the  ground,  has  yet  to  be  appreciated. 

EFFECT   OF    IMPURITIES    IN    THE    AIR  OF    TOWNS    ON    MENTAL  AND 

BODILY  HEALTH. 

A  dense  population  in  manufacturing  and  other  large  towns  is  aeons- 
tomed  to  breathe  a  compound  mixture  in  the  air  which  in  coarse  of 
time  profoundly  affects  the  health  of  the  ra<;e.  The  oxygen  is  deficient, 
the  ozone  absent,  carbon  dioxide  in  excess,  hydrocarbons,  animal  and 
mineral  dust,  sulphurous  acid,  chlorides,  ammonia,  and  microorgaiiL<iu^ 
in  pernicious  abundance. 

The  small  tenements  or  crowded  rooms  produce  the  high  death  rote, 
an  enormous  proportion  of  deaths  in  childhood,  and  of  diseases  of  tbe 
lungs  at  all  ages.  The  best  model  dwellings,  on  the  contrary,  have  a 
lower  death  rate  than  the  mean  of  the  town,  although  the  population  to 
the  acre  is  dense.'  In  New  York,  about  twenty-five  years  ago,  495,000 
persons  lived  in  tenement  houses  and  cellars,  most  of  them  dark,  damp, 
and  unventilated.  By  hygienic  measures,  largely  by  ventilation, the 
death  rate  was  reduced  in  twelve  years  from  1  in  33  to  1  in  38. 

Townspeople  spend  much  more  of  their  lives  indoors  than  the  peas- 
antry. At  their  work  and  in  their  rooms  they  breathe  dust  of  many 
sorts,  particles  of  skin,  organic  poisons,  and  often  many  pathogenic 
germs  which  would  develop  in  their  bodies  if  they  had  not  already 
passed  through  the  specific  disorder.  The  air  being  deprived  of  its 
exhilarating  power,  they  seek  stimulants  in  food  and  drink,  and  goti> 
mischievous  excess  in  the  consumption  of  animal  fiesh  and  alcoboL 
Hence  many  internal  diseases.  Children  are  never  seen  of  the  right 
sturdiness  and  color  which  is  common  in  the  country.    Most  children 


>  Tho  corrected  death  rate  of  infants  in  the  dwell  in  j^s,  chiefly  blocks,  of  the  Metro- 
politan Association  for  Improving  the  Dwellings  of  the  Indnstrious  Classes  in  Lon- 
don, has  been  for  some  years  post  mnch  below  the  average. 


ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.      291 

born  and  bred  in  the  crowded  parts  of  towns  are  sickly,  pale,  feeble, 
niuiatnrally  sharp  and  wizened,  their  voices  are  of  bad  quality,  and 
their  height  and  weight  deficient.    The  elder  people  become  reckless, 
often  depraved,  dirty,  and  scarcely  ever  free  from  ailments.    Their 
whole  bodily,  mental,  and  moral  nature  deteriorates.    As  a  consequence, 
it  is  difficult  for  native  townsfolk  to  obtain  employment  in  competition 
with  immigrants  from  the  country.    In  general,  policemen,  laborers, 
domestic  servants,  and  several  other  classes  of  employees  are  found  to 
be  most  fitted  for  their  duties  if  country  born,  and  thus  perpetual  immi- 
gration is  stimulated.    The  best  and  strongest  people  are  constantly 
migrating  to  the  great  towns,  bringing  their  health  and  youth  to  sup- 
ply the  demand  for  good  work,  and  reducing  the  death  rate,  so  that  the 
troe  proportion  of  victims  of  town  air  and  town  conditions  fails  to  be 
realized.    As  a  matter  of  fact,  it  has  been  ascertained  that  very  few 
families  survive  in  central  Loudon  for  more  than  four  generations,  and 
that  many  die  out  in  two  or  three  generations.    A  true  Londoner  of 
the  fifth  and  even  of  the  fourth  generation  is  rare.    A  very  large  pro- 
portion, probably  the  majority,  lose  the  fine  stock  of  health  they  brought 
with  them  from  the  country  within  two  generations.^    This  is  a  matter 
of  national  and  international  importance,  and  the  fact  should  be  clearly 
understood  by  the  public  and  by  legislators  that  the  desertion  of  the 
eoQQtry  by  the  best  blood  involves  the  rapid  consumption  of  the  finest 
pbysical,  mental,  and  moral  qualities. 

We  have,  in  fact,  in  our  midst  areas — climates,  if  we  may  so  strain  the 
term— of  which  the  properties  come  into  close  competition  with  the  influ- 
^Dces  of  the  tropics  in  bringing  about  the  decline  and  extirpation  of 
^milies.  If  the  inner  circle  of  a  great  city  were  to  exclude  immigra- 
b'on  for  a  generation,  the  poverty  of  its  health  resources  would  stare  it 
it)  the  face,  and  the  falling  value  of  a  day's  labor  would  startle  it  into 
the  promotion  of  hy gien  ic  reform.  Boom  and  space  would  be  demanded 
is  a  necessity  for  the  proper  development  of  human  beings. 

The  rate  of  n^ortality  is  greatly  increased  by  the  bad  air  of  towns, 
jid  e8x>ecially  by  the  close,  foul  air  of  dwellings  and  workshops.  But 
he  rate  of  sickness  is  still  more  increased  above  that  of  the  breezy 
oantry.  In  one  part  of  the  parish  of  St.  George's-in-the-East,  in  Lon- 
on,  there  are  nine  cases  of  sickness  to  one  death,  but  in  the  worst 
art  of  the  same  district  there  are  twenty  known  cases  of  sickness  to 
ne  death,  and  a  sickness  rate  of  620  per  1,000.  There  is,  in  fact,  no 
ood  health  in  the  people  of  the  crowded  streets,  unless  it  may  be  for 


1  Defining  a  Londoner  as  one  who  habitually  resides  in  London,  with  only  few 
olidajSy  and  whose  great-grandparents,  grandparents,  and  parents  were  Londoners, 

18  exceedingly  difficnlt  to  find  such  a  specimen  among  5,000,000  people.  £ven 
rae  Londoners  of  the  third  generation  are  very  disproportionately  small  in  numbers 
ad  feeble  in  health  and  strength.  These  facts,  however,  do  not  prove  that  the 
ihabitaota  of  large  towns  must  of  necessity  decay  unless  recruited  from  without, 
n  with  better  homes,  houses,  more  air,  reduced  hours  of  work,  more  holidays,  and 
etter  hygienic  conditions  of  suburban  as  compared  with  central  quarters,  the  pros- 
ed of  ooniinaed  vitality  greatly  improves. 
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a  short  time  among  newcomers  from  the  country.  '*  They  are  perpet- 
aally  on  the  trudge  to  the  hospitals,  and  get  patched  up  again  and 
again  and  live  on."  ^  Much  of  this  most  deplorable  state  of  things  may 
be  owing  to  excess  of  alcoholic  drink,  but  the  excess  is  in  many  cases 
the  result  of  a  demand  for  a  stimulant  which  pure  air  might  have  pie 
vented.  About  1,000,000  out  of  4,000,000  persons  are  treated  atTjondon 
hospitals  and  dispensaries  in  a  year,  and  probably  this  represents  fairly 
well  the  sickness  of  great  towns  in  general.  A  great  amount  of  the 
lassitude  and  idleness  of  the  lowest  population  of  cities  has  been  traced 
by  Dr.  Kichardson  to  want  of  ventilation,  in  their  own  and  former  geo 
erations.  ^'  Tell  them,"  said  Mr.  Chadwick,  the  great  sanitary  reformer, 
<<  that  when  they  hear  of  that  disease  called  consumption  they  ought 
to  know  that  it  comes  constantly  from  bad  administration,  which  per- 
mits dwelling  houses  to  be  built  on  damp  and  sodden  and  rotten  sites, 
and  which  permits  industrial  workers  to  breathe,  but  not  to  live,  in  foal 
airs,  gases,  vapors,  and  dusts.  Tell  them  that  in  model  dwellings  a 
death  rate  of  16  in  the  1,000  has  replaced  one  of  30  in  the  1,000."  Dr. 
Louis  C.  Parkes,  medical  officer  for  Chelsea,  states  that  much  of  the 
ansBmla,  the  pale  faces  and  disordered  digestions,  and  many  of  the  wast- 
ing diseases  of  children  in  the  great  towns  are  to  no  small  extent  dae 
to  a  condition  of  atmosphere  which  prevents  the  perfect  action  of  the 
lungs  and  the  complete  oxygenation  of  the  blood,  and  so  lowers  the  tone 
of  the  body  and  the  ability  to  repel  disease.  These  facts  ought  to  be 
impressed  upon  the  population.  In  England  it  has  been  computed  tliat 
the  amount  now  annually  spent  on  intoxicating  liquors  might  doable 
the  actual  house  room  for  every  family. 

The  causes  of  physical  degradation  in  towns  are  no  doubt  complex, 
but  that  bad  air  and  want  of  light  are  very  powerful  factors,  is  proved 
by  the  following  considerations: 

Children  placed  in  every  respect  in  equally  good  conditions  in  town 
as  they  have  had  in  the  country,  with  the  exception  of  the  difference 
of  town  air,  in  many  cases  lose  health,  grow  pale  and  weak,  and  in  fact 
do  not  thrive  as  they  do  in  the  country.    Children  brought  up  witbin 
the  central  area  of  large  towns  are  less  robust  than  children  brongbt 
up  in  the  country;  the  children  of  the  poor  especially  suffer,  for  though 
they  may  have  the  chance  of  more  flesh  meat  and  often  of  more  food, 
the  air  they  breathe  both  without  and  within  doors  is  inferior,  and  this 
affects  them  not  only  directly,  but  indirectly,  as  through  loss  of  appetite. 
Very  many  children  in  towns  have  poor  and  unwholesome  appetites. 
Children  in  small,  crowded  towns  in  various  countries,  e,  g.,  Italy  or 
Spain,  where  the  streets  are  narrow  and  the  air  foul,  often  look 
unhealthy  and  feeble,  and  bad  air  alone,  both  in  town  and  country* 
is  known  to  give  similar  results.    Children  who  are  ailing  or  simply 
pallid  and  uuhealthy,  after  the  pattern  of  the  alley,  very  soon  gain  in 
health  and  appearance  when  moved  to  country  air.    The  experience  of 
very  many  adults  is  similar  to  that  of  children,  and  they  rapidly  or 

'  Evidence  of  a  doctor  in  the  East  Eud  of  Loudon. 
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gradually  lose  their  accnstomed  vigor  during  a  period  of  employment 
in  crowded  or  badly  ventilated  places.    The  air  of  workshops,  printing 
Toonis^  mills,  etc.,  sometimes  changes  young,  vigorous  looking  men 
slmost  beyond  recognition  in  the  course  of  one  or  two  years.     Outdoor 
work  in  towns  is  far  less  i)ernicious,  and  if  houses  and  streets  were 
more  spacious,  and  work  places  more  airy,  the  physical  degradation 
would  be  much  less  perceptible.    The  mental  aud  moral  effect  of  living 
in  bad  air  can  hardly  be  estimated,  mixed  up  as  it  is  with  the  various 
other  conditions  which  generally  accompany  it.    The  wits  are  certainly 
dnlled  when  oxygen  is  wanting  and  carbonic  acid  in  excess,  but  social 
eonta4:-t  tends  perhaps  more  powerfully  to  sharpen  them.     Sharpness, 
canning,  and  alertness  increase  in  towns,  but  great  work  demanding 
SQBtained  intellectual  effort  is  not  favored,  but  vitiated,  by  bad  air. 
lu  sichools,  the  loss  of  attention,  the  difficulty  of  keeping  on  long  at  a 
task,  and  the  sympathetic  weariness,  are  very  frequently  the  result  of 
l)ad  ventilation.    The  schoolmaster  has  great  power  to  improve  the 
quality,  or  rather  the  scope,  of  his  pupil's  brains  by  the  admission  of 
plenty  of  air.     School-masters  and  teachers  as  a  class  are  not  in  the 
list  of  healthy  occupations,  although  they  are  above  the  average  of 
Btreiigth  when  they  enter  their  profession.    The  air  they  breathe  must 
be  concerned  in  the  disorders  which  especially  attack  them.    Town  air 
seems  to  t*?nd  to  weaken  the  power  of  the  will,  the  self-command,  and 
the  exhilarating  sense  of  freedom  and  content  which  distinguish  inde- 
pendent yeomen  ox  the  peasantry  of  the  hill  country,  who  breathe  the 
vital  atmosphere.    But  here  again,  we  fail  to  discriminate  between  the 
effects  of  physical  and  of  social  differences.    Since  "self-reverence, 
self-knowledge,  self-control"  are  among  the  highest  human  attributes, 
and  most  essential  for  future  progress,  the  effects,  direct  Jind  indirect, 
of  vitiated  air  on  character  might  with  advantage  form  the  subject  of 
extended  and  carefully  conducted  scientific  inquiry. 

Intemperance  in  drink  has  been  commonly  attributed  to  foul  air 
among  other  inff  uences.  There  can  be  no  doubt  that  many  a  man  has 
become  enfeebled  by  working  in  bad  air,  aud  has  taken  to  drink  in  the 
vain  hope  of  keeping  up  his  strength,  or  with  the  deliberate  intention, 
for  the  moment  justified,  of  stimulating  his  faculties  occasionally  when 
they  flag.  Where  the  air  has  so  little  freshness,  mind  and  body  are 
more  likelv  to  crave  for  artificial  and  less  wholesome  sustenance. 

«r 

Whether  on  the  whole  the  indoor  workers  consume  more  alcohol  than 
the  outdoor  may  be  doubted,  but  the  effect  upon  them,  beyond  question, 
is  worse. 

An  investigation  of  the  effect  of  air  on  mental  qualities  might  be 
undertaken  on  the  following  lines:  A  number  of  schools  in  which 
ventilation  is  good  to  be  compared  with  schools  similar  in  class  of 
scholars,  etc.,  but  with  bad  ventilation  of  less  space,  the  character  of 
the  work  and  of  the  scholars  to  be  compared;  schools  where  great 
improvements  in  ventilation  have  been  made  to  be  examined  as  to  any 
notable  progress  following  the  improvements;  workshops  of  similar 
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classes  to  be  compared,  respectively  good  and  deficient  in  venUU- 
tion  or  space,  the  results  as  regards  health,  vigor,  intemperance^  and 
efficiency. 

WIND  FORCE   AND   HEALTH   IN  A   LARGE  TOWN. 

In  an  inquiry  made  quite  recently  by  the  present  writer,  but  hitliwto 
unpubHshed,  concerning  the  relation  between  the  health  of  London  in 
winter  and  the  force  of  the  wind,  the  conclusion  was  arrived  at  that  on 
the  whole,  the  mortality  is  greater  in  calm  than  in  windy  weather,  and 
that  there  is  much  less  variation  in  the  death  rate  during  the  preva- 
lence  of  strong  winds  than  during  the  prevalence  of  gentle  winds  and 
calms.  The  period  examined  was  from  November,  1872,  to  December, 
1893.  In  January,  1890,  and  in  the  first  quarter  of  1892,  influenza 
greatly  raised  the  mortality  above  the  normal,  but  since  this  is  one  of 
the  zymotic  diseases,  of  which  the  prevalence  is  increased  by  calm 
weather,  the  figures  for  these  periods  have  not  been  omitted.  The 
months  of  October,  November,  and  December,  in  1879  and  in  18S9, 
were  the  least  windy  periods  recorded,  and  each  was  followed  by  ahi^h 
death  rate.  Several  calm  periods  coincide  with  great  cold  and  fog,  and 
it  is  these  in  combination  which  have  the  worst  effect  upon  health  in  a 
smoky  town. 

Further  investigation  is  required  to  ascertain  which  diseases  are 
most  apt  to  spread  in  calm  weather,  and  the  relation  of  partienlar 
winds  to  particular  diseases. 

The  following  table  represents  roughly  and  approximately  the  ratw 
of  mortality  in  the  periods  mentioned: 

MinimUf  hourly  horizontal  movemcfit  less  tluin  11  miles. 


Period. 


December,  1873  (22  cnlm  hours,  cold  and  fog) , 

February,  1874  (33  hours  calm) 

November,  1874  (34  calm  hours) 

February.  1875  (no  calms) 

October  and  November,  1876  (no  calms) 

February ,  1878 

December,  1878  (36  calm  hourn) , 

October,  November, and  Dec<>juber,  1879  (131  calm  hours). 

January,  1880 

Novemlier  and  December,  1885 

February,  1886 , 

Jonuary,  1887 , 

De<'em  ber.  1888 

January,  1889 , 

November  and  December,  1889 , 

December,  1890 

Quarter  ending  April  2, 1882 

October,  November,  and  December,  1892 

Total 


Death   '    infi^«, 

rate.      ir<*kiW 

lowiBjj. 


28.2 

8.1 

24.6 

8.1 

27.2 

31.4 

25.7 

J12 

21.4 

214 

25.4 

313 

28.1 

8.S 

26.6 

31.J 

31.2 

31." 

20.64 

2t5 

24.9 

*» 

21.8 

liJ 

10.8 

8.2 

20.3 

18.2 

19.4^ 

S8.1 

24.7 

»5 

28.2 

18.5    , 

-1 

--'::^ 

24.42 


*» 
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Maxima,  hourly  horizontal  movement  more  than  IS  miles. 


Period. 


(nocsalma) 

t7  calm  houTH) 

liarch,  1876  (no  calm  hours) . 
sbmary,  1877  (17  calm  hourn) 

(no  calms) 

24  calm  houre) 

December,  1880 

iary,and  March,  1883 

December,  1883 

sbroary,  1884 

Iilarch,1888 


Death 
rate. 

Death  rate 

in  five 
weekn  fol- 
lowing. 

22.8 

24.5 

19.2 

24.8 

24.6 

23.4 

21.6 

27.6 

22.  :i 

25.3 

26.6 

25.4 

21.  Q 

25.0 

21.18 

23.1 

21.26 

23.5 

21.0 

23.6 

21.23 

20.4 

21.22 

10.9 

21.6 

23.2 

10.  G 

22.0 

20.0 

21.8 

21.2 

19.0 

!8.2 

18.6 

28.1 

21.4 

22.15 

23.1 

ND  FEOST — EXHALATION  OF  VAPOR  FROM  THE  EARTH. 

I  investigation  conducted  by  the  present  writer  during  the 
ers  1891  and  1892,  the  following  were  among  the  conclusions 


a  light  air  is  favorable  to  dew  formation.  Wind  prevents 
tion  of  much  dew  and  evaporates  much  of  what  is  formed, 
ktion  or  an  exposed  situation  is,  on  the  whole,  perhaps  the 
tual  cause  of  dew  on  very  many  nights  of  the  year.  In  a 
try  those  parts  of  a  field  which  are  least  sheltered  by  trees 
iS  gain  most  dew  on  perfectly  calm  nights.  Those  parts  of 
bstance  with  the  most  exposure  to  the  sky  are  on  calm  nights 
wed.  The  tops  of  bushes,  posts,  railings,  pans,  etc.,  are  on 
ts  more  bedewed  than  the  sides.  Greater  cold  by  greater 
in  these  cases  produces  greater  deposition.  Radiation  from 
;,  however,  is  often  not  sufficient  to  counteract  in  air  which  is 
umid  the  effect  of  the  continual  impact  of  air  above  the  dew- 
higher  in  temperature.  Close  to  the  ground  the  case  is  gen- 
irent,  for  the  movement  of  air  is  less  and  the  humidity  and 
sr.  With  fog  or  a  very  humid  air  the  points  are  most  bedewed, 
ither  the  dew  is  deposited  most  on  the  leeward  side,  in  moist 
on  the  windward  side  of  objects. 

all  the  conclusions  of  Wells  were  confirmed.  But  a  very 
e  amount  of  evidence  soon  accumulated  from  the  experiments 
at  proportion  of  the  dew  formed  near  the  ground  is  condensed 
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from  vapor  derived  from  the  earth.  A  large  quantity  of  dew  wasinva 
riably  found  on  clear  nights  in  the  interior  of  closed  vessels  inverted 
over  grass  and  sand,  very  little  or  none  in  vessels  inverted  over  platw 
lying  on  the  ground.  The  inverted  glasses  or  vessels,  however  much 
their  rims  were  embedded  in  the  ground,  gave  similar  results.  More 
dew  was  found  on  the  lower  surface  of  plates  of  glass  or  earthenware 
or  boards  slightly  raised  above  the  ground  than  on  the  upper  surface. 
The  lower  sides  of  stones,  slates,  glass,  and  paper  on  the  ground  weit 
more  bedewed  than  the  upper  sides.  The  lower  half  of  stones  lyin« 
or  embedded  in  sand  was  more  often  bedewed  and  frostetl  than  tlM 
upper  half.  The  interior  of  closed  vessels  inverted  on  the  grass  anc 
covered  with  two  other  vessels  of  badly  conducting  substance  wai 
thickly  bedewed,  and  the  grass  in  the  three  iuclosures  was  also  thickl] 
bedewed.  The  deposit  on  the  interior  of  vessels  was  much  lesso?€i 
dry  garden  earth  than  over  sand  or  turf.  A  great  deal  of  dew  wai 
deposited  on  the  interior  of  vessels  over  dry  sand  or  dust,  the  eartl 
being  somewhat  moist  an  inch  or  two  inches  below.  Pebbles,  etc 
lying  on  a  dusty  roiid  became  quite  wet  underneath  early  in  the  evening 
and  over  grass  the  underside  of  a  square  of  glass  is  clouded  soon  aftia 
the  grass  loses  the  sunshine.  A  very  great  difference  of  temperatan 
was  found  soon  after  sunset  after  hot  days  between  the  temperature  o 
the  soil  at  a  depth  of  2  or  3  inches  and  the  temperature  of  the  air  closi 
to  the  ground,  just  above  the  blades  of  grass.  On  one  evening  a 
11  p.  m.  the  temperature  of  the  exposed  grass  was  36;  of  the  soil  atl* 
inches,  60.5. 

The  author  became  convinced  by  these  experiments  and  other  ooi 
siderations,  that  a  great  deal  of  dew  comes  from  vapor  from  the  8oi 
and  from  plants,  and  at  sea  from  vapor  from  the  surface  of  the  sea;  tba 
malaria  and  some  other  diseases  are  largely  caused  by  emanations  froi 
the  soil  at  night  bearing  organisms  into  the  air,  which  are  then  retaine 
by  the  damp  air  in  a  cold  stratum  near  the  ground,  and  that  sand  ovei 
lying  damp  earth  permits  air  and  vapor  to  rise  easily  through  it.  Ak 
it  became  evident  that  a  great  deal  of  soil-air  may  be  drawn  into  hoase 
through  pervious  soil,  and  that  the  neighborhood  of  damp  ground  ma 
be  thickly  infected  with  organisms  contained. in  the  air  and  vapor  wbic 
emerge  from  the  soil.  A  dry  covering  of  sandy  earth  is  not  only  littl 
impediment  to  the  exhalation  of  vapor,  but  may  serve  to  protect  uiicrc 
organisms  from  the  killing  action  of  dry  air  and  sunshine.' 

EXHALATION  OF  GASES  AND  PARTICLES  FROM  THE  EARTH. 

It  is  generally  assumed  that  evaporation  or  distillation  of  water  give 
rise  to  pure  vapor  and  leaves  behind  all  impurities,  but,  as  a  matter  o 
fact,  in  many  natural  conditions  this  is  far  from  being  the  case.  Whei 
earth  becomes  heated,  moisture  forces  it«  way  as  a  vapor  through  s 

•The  author  has  treated  this  subject  more  fnlly  in  Trans.  Sanit.  Ins.  for  1S92:  Tb< 
Exhalation  of  Vapor  from  the  Earth. 


Msiiea  aoove  me  sanu. 

nights  foUowiug  hot  days  seem  to  favor  very  much  tlie  exhala- 
rapor  from  the  earth. 

may  very  likely  h<;tre  an  effect  in  drawing  out  the  gaaes  from 
but  this  action  is  less  important  to  human  health,  for  malarious 
re  disi>ersed  and  much  less  dangerous  in  windy  weather, 
n  baa  shown  by  his  experiments  on  the  Ibrmation  of  small,  clear 
a  dusty  air  that  bodies  warmer  than  the  air  drive  away  dust 
sir  surfaces  and  create  the  dust-free  black  envelope  whicli  sur- 
them.  He  further  showed  that  an  evaporating  surface  has  a 
iDflueoce,  and  that  dast  was  driven  more  than  twice  as  far  from 
part  of  an  object  as  from  the  dry,  the  object  l>eii)g  alK>ve  the 
itnre  of  the  air.  The  necessary  conditions  for  the  repulsive 
)  be  strongly  shown  are  that  the  air  must  be  acquiring  heat  and 
e  from  the  surface.  Very  little  heat  with  moisture  gives  a 
dark  plane  than  double  the  heat  would  do.  Dust  passes 
I  small  ojwnings  with  anrpriniug  ease;  "any  opening  which 
lir  allows  the  passage  of  the  finest  particles."  The  uir  contains 
lis  multitndes  of  particles  so  small  that  the  concentrated  li^bt 
nn  does  not  reveal  them.'  We  may  fairly  infer  from  thet'e  facts 
'  inconsiderable  part  of  the  fine  dust  of  the  air,  mineral  and 
,  is  derived  from  below  the  surface  of  the  ground.  Some  inter- 
iiperiments  made  a  few  years  ago  showed  that  the  duKt  depos- 
tightly  closed  cupboards  is  brought  in  by  the  movements  of  air 
1  by  changes  of  temperature.  Similarly,  changes  of  tenipera- 
ist  draw  in  and  espel  fine  organic  dust  from  and  to  air  and  soil, 
•resent  writer's  observations  led  him  to  conclude  that  a  great 
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vapor  is  very  much  less  through  mold  than  through  sand  or  dust 
In  hot  climates,  such  as  India  and  Italy,  on  bare  sandy  ground  and  in 
valleys  it  seems  probable  that  the  differences  in  temperature  between 
soil  and  surface  air  may  amount  at  night  to  between  30^  and  40"^,  and 
in  malarious  places  the  flow  of  impure  vapor  toward  the  surface  may 
be  equal  to  the  evaporation  from  a  marsh.  These  facts  have  a  very 
distinct  bearing  on  the  generation  and  prevalence  of  malaria,  diarrhea, 
dysentery,  and  other  diseases. 

Herr  Singer,  at  Munich,  found  that  the  maximum  temperature  of  tk 
soil  (59.3)  at  4  feet  3  inches,  was  reached  on  August  24,  and  Fodor's 
results  gave  a  maximum  tempei^ature  at  depths  between  half  a  meter 
and  1  meter  in  August.  Liebenberg  observed  that  sand  is  warmed 
throughout  more  rapidly  than  clay  and  that  the  richer  a  soil  in  organic 
matter  the  greater  its  power  of  absorbing  heat.  Pettenkofer's  obser- 
vations show  that  a  very  large  amount  of  air  is  contained  even  in  firm 
soils  and  that  effluvia  from  decomposing  organic  matter  may  pass  for 
a  long  distance  through  very  loose  soils.  Permeable  soils  are  sand- 
stones, loose  sands,  and  chalk,  and  are  generally  healthy  unless  they 
contain  much  organic  matter  or  are  superposed  upon  a  clay  or  other 
impervious  stratum  which  holds  up  the  water  near  the  surface.  Move- 
ment of  subsoil  water  of  course  greatly  affects  the  quantity  of  earth 
vapor  given  off  during  certain  periods.  The  dried  beds  of  water 
courses  are  well  adapted  for  the  evolution  of  malaria,  for  the  super- 
ficial layer  is  usually  permeable,  the  soil  contains  much  organic  matter^ 
the  water  level  is  not  far  from  the  surface,  cold  air  coUei^ts  over  the 
valley  and  is  often  moist  and  stagnant.  In  the  dry  regions  of  Aus- 
tralia it  is  well  known  that  water  may  be  found  at  a  little  depth  below 
the  dry  channels  of  rivers. 

Vegetable  mold  near  the  surface  of  the  earth  is  very  rich  in  sapro- 
phytic bacteria,  and  Flugge  states  that  infusions  made  from  manured 
fields  and  garden  earth  contain  thousands  of  bacteria  in  every  drop, 
though  diluted  one  hundred  times.  But  the  observations  of  the  pres- 
ent writer  tend  to  prove  that  the  retention  of  heat  and  moisture  by 
this  kind  of  earth  is  much  greater  than  that  of  other  soils,  and  that 
much  less  emission  of  vapor  takes  place  from  it  into  the  air,  so  that 
the  organisms  which  might  be  expected  to  invade  in  excess  the  air  over 
cultivated  ground  may  in  reality  be  scarcely  capable  of  entering  it 

GROUND  AIR. 

The  amount  of  air  in  the  upper  layers  of  the  eai'th  is  very  consider 
able,  but  varies  greatly  with  the  nature  of  the  soil.  Gravel  and  saud 
contain  a  large  quantity  of  air,  which  has  been  estimated  at  one- third 
of  its  bulk.  A  bird  has  been  experimentally  inclosed  in  a  glass  cylinder 
with  a  solid  bed  of  gravel  below  and  above  it,  and  was  not  affected,  the 
air  which  passed  through  the  earth  being  sufficient  to  maintain  life. 
The  proportion  of  carbonic  acid,  however,  in  some  soils,  espeeiallj 
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irhere  there  is  much  organic  debris,  much  exceeds  that  in  the  atmos- 
phere, and  woald  prevent  the  success  of  such  an  experiment.    Ground 
air  passes  easily  through  earth,  especially  through  gravel  and  sand,  so 
that  in  the  neighborhood  of  decomposing   organic   matter   houses 
bnUt  on  such  soil  are  liable  to  invasions  of  poisonous  gases.    Carbon 
monoxide  has  been  known  to  pass  20  or  30  yards  through  the  earth 
into  a  house,  causing  severe  illness.    But  the  worst  results  follow  the 
infamous  practice  which  has  been  in  vogue  at  the  outskirts  of  large 
towns  of  selling  turf  and  gravel  on  building  sites,  allowing  the  exca- 
vations to  be  filled  in  with  rubbish  and  refuse,  and  building  dwelling 
bonses  over  these  sources  of  disease.    Probably  many  houses  in  towns 
where  fever  persistently  breaks  out  owe  their  unwholesomeness  to 
this  cause.    Even  where  the  soil  is  natural  and  undisturbed  beneath 
the  foundations,  there  should  always  be  a  layer  of  impervious  material, 
such  as  good  Portland  cement  or  rock  iisphalt,  between  the  house  and 
the  ground;  or  else  a  good  space  through  which  the  outside  air  may 
freely  flow.    Dwellings  well  raised  above  the  ground  escape  many  dan- 
gers associated  with  ground  air,  damp,  and  drainage.    A  damp  base- 
ment is  a  frequent  source  of  trouble.    Hollow  skirtings,  casings  for 
pipes,  bell  wires,  etc.,  frequently  give  opportunities  not  only  to  rats 
and  mice,  but  to  deadly  gases,  to  make  their  way  into  the  apartments. 
Inquiry  is  needed  to  discover  the  actual  quantities  of  vapor  emitted 
from  different  soils  and  subsoils,  at  dififerent  temperatures  of  air  and 
soil,  at  different  barometric  pressures,  at  different  times  of  day  and 
nigbt,  and  at  different  seasons,  and  at  varying  levels  of  subsoil  water. 
An  examination  of  the  different  species  of  microbes  or  amcebalike 
organisms  emitted  would  also  be  of  interest. 

EMANATION  OF   ORGANIC  PARTICLES  FROM  EVAPORATING  FLUIDS. 

The  spread  of  infective  organisms  into  the  air  from  the  surface  of 
evaporating  liquids  is  a  subject  worthy  of  investigation.  It  has  been 
generally  stated  and  assumed  that  an  evaporating  liquid  contaminated 
with  impurities  leaves  behind  it  all  foreign  ingredients  and  passes  into 
^eair  as  pure  vapor.  This  is  very  far  from  being  universally  true,  if 
evaporation  be  understood  not  as  a  laboratory  process  carefully  con- 
<iacted,  but  as  a  process  subject  to  the  various  interferences  which 
nju»t  occur  in  natural  conditions.  Evaporation  from  the  sea  may  give 
P^re  vapor  into  tbe  air,  so  long  as  the  sea  is  tranquil  and  no  bubble 
^^reakson  the  surface,  but  the  breaking  of  waves  on  the  ocean  and  on 
^"^  shore,  and  the  evolution  of  gases  from  animal  and  vegetable  life 
and  organic  decay  cause  evaiwration  to  be  accompanied  by  a  consider- 
ate emission  of  sodium  chloride,  and  of  other  substances  in  solution, 
'''to  the  air  with  the  bursting  of  foam  and  bubbles  and  the  tearing  off 
of  spray  by  the  wind. 

^^larshes  give  off  various  gases,  especially  in  the  drying  process, 
^des  vapor.     The  upward  movement  of  the  air  from  the  drying 


300      ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH. 

ground,  the  geDeratiou  of  gases  in  the  viscous  fluids  and  in  the  earth 
below  them,  the  bursting  of  countless  small  bubbles  and  films,  the 
development  of  electricity  in  the  evaporation  of  an  impure  liquid,  th« 
repulsion  of  small  particles  by  a  warm  evaporating  surface,  all  help  to 
carry  into  the  lower  air  a  large  quantity  of  microscopic  and  ultra 
microscopic  dust.  In  a  research  made  by  the  iiresent  writer  into  the 
diathermancy  of  thin  films  of  water  ^  he  was  much  struck  by  the  forw 
with  which  the  thinnest  film  snapped;  a  slightly  soapy  film  of  IJ  inches 
diameter  and  about  one-millionth  of  an  inch  in  thickness  broke  with 
an  audible  sound.  In  the  viscous  fluid  of  drying  marshes  there  ninst 
be  millions  of  thin  films  breaking  and  throwing  their  minute  spray 
into  the  air  which  carries  off  the  contained  organic  particles.  More 
over,  there  must  be  a  continual  evolution  of  very  small  bubbles  of  gas 
from  the  muddy  earth  through  the  liquid  above  it.  The  scattering 
force  of  small  bubbles  is  surprising.  If  a  glass  of  effervescing  wat<*r 
be  watched,  the  minute  bubbles  which  rise  to  the  surface  of  the  liquid 
will  be  seen  to  throw  particles  of  water  to  a  height  of  several  inches  in 
the  air.  The  smell  of  drying  marshes  probably  proceeds  not  only  from 
gases,  but  from  particulate  products.  Indeed,  many  organisms  and 
vegetable  and  animal  debris  have  been  actually  observed  microscop 
ically  in  the  air  above  marshes.  Many  living  germs  are  probably 
beyond  the  range  of  visibility.  The  manner  in  which  spores  are  scat. 
tered  from  the  hyphae  of  molds,  etc.,  may  represent  a  similar  proi*ess 
in  the  ejection  from  marshy  surfaces  of  various  microorganisms.  The 
formation  of  gas  bubbles  by  the  Ba<nllus  coli  communis  may  be  only 
one  example  out  of  many  in  which  such  action  takes  place.  This 
characteristic  of  coli  communis  ha«  been  used  by  Klein  as  a  mark  of 
differentiation  between  it  and  the  bacillus  of  typhoid. ^ 

The  influences,  or  some  of  them,  which  have  been  named  as  helping 
to  carry  small  organic  particles  into  the  air  over  marshes  may  be  cai>a^ 
ble  of  launching  infective  matter  from  the  lungs  and  air  passages  of 
persons  suffering  from  such  diseases  as  scarlet  fever,  measles,  diphthe 
ria,  and  consumption.  Certainly  organic  matter  and  living  particles 
have  been  observed  in  the  condensed  vapor  of  breath.  Thus  walls  on 
which  the  breath  condenses  may  become  culture  grounds  for  disease 
germs  which  it  contains. 

PERMEATION   OF  BUILDING  MATERIALS  BY  AIR   AND   VAPOR. 

The  ordinary  materials  used  for  floors  of  dwelling  houses  are  quite 
ineftectual  to  prevent  the  permeation  of  gases  and  mieroorgaDisnis 
from  the  soil  into  the  air  of  the  dwelling.  By  experiments  made  with 
several  different  materials  used  for  flooring,  with  a  view  to  determine 
the  rate  at  which  air  would  pass  through  them  into  the  Torricelliaa 

'Proc.  Brit.  Association,  Cardiff,  188L    Abstract. 

2 Journal  of  Pathology  and  Bacteriology,  November,  1893;  Centralblatt  fiir  Bakt- 
and  Parasit.,  Vol  XV,  Nos.  8  and  9.    Local  Government  Board  Rei)ort«,  1892-93. 
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Taenam  oyer  mercury^  it  was  ascertained  that  mortar  is  practically 

merely  a  coarse  sieve  and  permits  the  rapid  and  easy  passage  of  gases, 

that  plaster  of  paris  is  also  highly  permeable,  75  per  cent  compared 

with  inortar;  roman  cement  permeable  to  the  extent  of  25  per  cent, 

and  i)ortland  and  hygienic  cement  to  the  extent  of  about  10  per  cent. 

The  rate  of  difiusion  of  gases  through  i)orous  septa  is,  by  Graham-s  law, 

in  the  iuverse  ratio  of  the  square  root  of  their  gravity.    If  the  gases 

in  the  earth  below  the  flooring  be  heavy  compared  with  the  air  of  the 

room,  upward  diffusion  through  the  flooring  material  must  be  rather 

alow,  unless  other  apertures  for  the  ingress  of  outside  air  are  insufli- 

cient  to  supply  the  draft  of  flres.     When  the  ground  is  warm,  as  in 

aatumn,  and  contains  certain  light  gases  and  vapor,  there  may  be 

considerable  aspiration  from  the  ground  through  the  floor  into  the 

room.    It  seems  probable  that  mortar  and  other  porous  material  would 

permit  the  passage  or  penetration  not  only  of  gases,  but  of  microbes, 

bnt  that  good  cement  would  not  permit  the  passage  or  penetration  of 

microbes  to  any  important  extent.    Asphalt  is  still  better,  and  efi'ectu- 

ally  shuts  out  both  gases  and  germs.    Coal  gas  has  been  known  to 

pass  a  considerable  distance  through  the  earth  under  frozen  grouud 

and  to  enter  a  house  through  the  flooring,  and  there  can  be  no  doubt 

that  much  ground  air  enters  houses  in  this  way,  especially  in  autumn 

and  winter.    A  good  concrete  layer,  4  to  6  inches  thick,  or  asphalt, 

under  every  house  would  do  much  to  diminish  diseases  caused  by 

ground  air.    The  reduction  of  two  courses  of  bricks,  which  would  be 

saved  by  diminishing  the  air  space  between  floor  and  grouud,  would 

partly  balance  the  additional  cost. 

MECHANICAL  VENTILATION  IN  SCHOOLS. 

From  a  paper  by  Professor  Garnelley  on  mechanical  ventilation  in 
schools.  Sir  Henry  Eoscoe  drew  the  following  conclusions,  briefly  sum- 
marized: 

By  mechanical  ventilation  the  microorganisms  were  reduced  to  one- 
tenth,  the  organic  matter  to  one-seventh,  and  the  carbon  dioxide  tooue- 
^ah';  the  temperature  was  kept  higher  without  draft,  and  cold  drafts 
vwe  excluded.  In  badly  ventilated  schools  microbes  increase  up  to  a 
certain  point  with  increase  of  wall  space;  in  mechanically  ventilated 
schools  the  microbes  decrease  with  increase  of  space.  Scrubbing  or 
hashing  floors  had  no  effect  in  reducing  the  emission  of  microbes  into 
^^  air,  and  it  was  found  that  the  infection  of  a  school  with  these  organ- 
^018  takes  place  very  gradually,  old  schools  being  much  more  infested 
^^an  new  buildings.  Similar  facts  have  been  observed  by  Miqiiel  as 
'^afds  houses.  It  is  clear  that  walls  and  floors  and  perhaps  ceilings 
*^8o  should  be  faced  with  an  impervious  material,  adapted  for  frecjuent 
^^hing,  and  without  interstices.  As  regards  mechanical  ventilation, 
Ijowever,  it  has  not  yet  been  proved  that  proper  natural  ventilation  can 
%antageously  be  superseded. 
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The  floors  and  walls  of  rooms  must  often  be  very  suitable  cnltnre 
grounds  for  the  microbes  of  disease.  Many  fungi  grow  upoD  damp 
plaster,  damp  wall  paper,  the  interstices  of  floors,  and  ujiou  roagh  sur- 
faces and  ledges  in  empty  and  also  in  occupied  rooms.  The  ChcttmuM 
chartatum^  for  example,  develops  on  paper  and  on  the  binding  and 
insides  of  books  wherever  they  are  near  a  damp  wall.  Paper  and  size 
are  well  adapted  to  the  settlement  and  multiplication  of  molds  aod 
probably  also  of  some  pathogenic  microbes. 

Bricks,  mortar,  plaster,  and  paper  are  all  highly  porous,  and  admit 
the  passage  of  air  continually  through  them.  A  common  brick  can 
absorb  a  pound  of  water,  and  plaster  is  also  hygroscopic.  We  have, 
then,  this  condition  in  a  room,  that  it  is  surrounded  by  damp,  porous 
material,  largely  contaminated  with  organic  dust  and  gases  from  the 
interior  condensed  within  the  walls  and  in  the  flooring  or  carpet& 
The  resemblance  to  porous,  damp,  contaminated  ground  which  is  a 
known  source  of  disease,  is  sufficiently  close  to  make  it  highly  desir* 
able  that  better  provision  should  be  made  (1)  against  damp  in  walls, 
(2)  against  the  penetration  of  organic  vapors  and  dust  into  the  material 
of  walls  and  into  the  interstices  of  floors,  and  (3)  for  the  easy  cleaning 
of  walls  with  soap  and  water,  and  of  floors  which  should  be  without 
interstices,  by  dry  rubbing  or  with  paraffin  or  otherwise. 

AERATION  AND  SELF-PURIFICATION   OF   RIVERS. 

The  oxygen  of  the  air  contained  in  water  has  been  supposed  to  play 
an  important  part  in  getting  rid  of  the  contamination  of  organic  sab- 
stances  and  in  diminishing  the  number  of  pathogenic  microbes  in  the 
water  of  streams  used  for  drinking.  A  large  number  of  experiments 
have  been  made  m  different  countries  with  the  object  of  determining 
the  degree  of  safety  with  which  water  may  be  used  for  public  supply 
which  has  run  in  the  open  air  for  various  distances  after  contamina- 
tion with  sewage  and  other  impurities. 

The  investigation  is  by  no  means  a  simple  problem,  and  where  the 
bacteria  are  found  to  have  greatly  diminished  in  number  in  the  course 
of  a  few  miles,  the  result  is  often  due  to  other  influences  besides  aera- 
tion, of  which  gradual  dying  out  of  the  organisms  is  one,  and  sedimen- 
tation commonly  the  most  efficient.  Frank's  experiments  on  the  Biver 
Spree,  at  Berlin,  showed  that,  though  in  flowing  through  the  city,  the 
river  contained  hundreds  of  thousands  of  bacteria  in  the  cubic  centi- 
meter, the  water  some  miles  lower  contained  only  3,000  to  8,000,  about 
the  same  number  as  in  its  upper  course.  In  the  Isar,  below  Munich, 
the  number  fell  from  15,231  to  2,378  in  the  course  of  22  mDes.  lu  the 
Thames  and  the  Ure,  Frankland  did  not  find  any  considerable  diminu- 
tion. The  Massachusetts  State  Board  of  Health  found  in  the  coarse  of 
23  miles  a  diminution  of  free  ammonia  from  1,728  to  1,299,  of  albumi- 
noid ammonia  from  826  to  382,  of  total  nitrogen  from  3,000  to  2,156,  and 
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an  increase  of  uitric  acid  from  218  to  457.  Oxidation  to  an  important 
^e^e  is  shown  in  this  case,  but  the  result  is  not  altogether  favorable 
to  the  efficiency  of  aeration.    In  observations  made  on  the  River  Lim- 

mat  before  and  after  passing  through  Zurich  the  following  were  the 

Tesnits: 


I    Distance 
in  kilo- 
met  erH. 


Number 
of  bacterin 

per  cubic 
centi  motor. 


Outflow  from  lake 

SUtionl 

Sewer  otttlots 

SUtion4 

SUtionS 

Station  6 

SUtion? 

SUtionS 

Station  9 


0 

1.86 

2.175 

2.485 

2.796 

3.417 

5.903 

6.214 

8.0*78 


225 

1,731 

296,670 

12,870 

10,892 

5,902 

4,218 

2,346 

2.110 


Miquel  found  in  the  Seine  above  Paris  a  rate  of  4,800,000  microbes 
in  the  liter;  below  Paris,  12,800,000;  in  sewer  water,  80,000,000. 

Instances  of  outbreaks  of  typhoid  through  the  use  of  river  water 

contaminated  miles  above  the  intake  are  not  rare.    Gloucester  suffered 

by  the  poisoning  of  the  river  by  Kidderminster,  20  miles  higher  up. 

A  single  case  of  typhoid  produced  the  disease  in  a  Scottish  town  by 

the  drawing  back  up  the  course  of  the  river,  owing  to  the  obstruction 

of  a  weir,  of  the  sewage  which  had  entered  below.    At  Providence, 

R.  I.,  an  epidemic  was  caused  by  the  very  slight  pollution  of  a  large 

and  rather  rapid  stream  3J  miles  above  the  intake.    When  Lowell, 

Mass.,  has  had  a  fever  outbreak,  Lawrence,  lower  down,  has  had  a 

similar  attack  a  little  later.    The  Merrimac  Kiver  has  given  several 

instractive  examples  of  typhoid  following  pollution,  and  the  Schuylkill, 

which  is  contaminated  many  miles  above  the  intake  of  Philadelphia, 

appears  to  be  the  chief  cause  of  the  prevalence  of  the  disease  in  that 
city. 

Experiments  on  the  artificial  aeration  of  water  by  the  Massachusetts 
R>ard  of  Health,  and  on  natural  aeration  below  Niagara  Falls  by  Pro- 
^^mv  Leeds,  show  that  little  or  no  diminution  of  organic  particles,  and 
i>o  chemical  purification,  is  brought  about. 

Dr.  Percy  Frankland  has  found  that  various  disease-causing  bacilli 

present  no  uniformity  in  their  behavior  in  potable  water.    Many  pre- 

^e  their  vitality  for  a  considerable  time — days  and  weeks — and  some, 

^Ijch  form  siwres,  for  an  indefinite  time.    Gaff  key's  typhoid  bacillus 

Preserves  its  vitality  even  in  distilled  water  for  about  fourteen  days. 

Altogether,  aeration  can  not  be  trusted  as  effectual  in  rendering  pol- 

''Jted  water  fit  for  drinking,  and  the  diminution  of  organisms  which  to 

^me  extent  does  take  place  must  be  attributed  to  other  causes. 
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ACTION   OP    BACTERIA  AND    OF   THE   AIR   IN    CONNECTION    VilTH 

DECOMPOSITION    AND    PLANT    GROWTH. 

Bacteria,  or  microbes  in  general,  of  an  immense  number  of  different 
kinds  are  almost  ubiqaitoas  on  tbe  whole  surface  of  the  earth  aud  on 
all  exposed  solids.    The  favorite  habitat  of  most  kinds  is  the  moi^t 
surface  of  some  substance  of  organic  origin  undergoing  decomiK)sition. 
But  some  sorts  appear  to  flourish  on  almost  any  kind  of  sohd  expo;^ 
to  the  air.    Thus  panes  of  glass,  rocks,  metals,  tiles,  and  sand  will 
furnish  a  crop,  the  richer,  no  doubt,  for  any  slight  deposit  from  organie 
liquids  or  gases.    The  chief  work,  and  a  very  vast  one,  of  microorgan- 
isms is  the  transformation  of  dead  organic  matter  into  "inorganic" 
substances.    All   the   dead  vegetable  and  animal    substance  lying 
exposed  or  where  air  has  access  is  being  transformed  into  mineral 
matter  by  this  agency.    Decomposition  generally  consists  of  oxidation 
by  a  class  of  microbes  which  take  their  oxygen  from  the  air,  and  then 
the  transformation  and  use  of  the  oxygenized  products  which  sink 
deeper  into  the  earth  by  another  class  of  microbes,  tlie  anaerobic, 
which  not  only  themselves  detach  oxygen  from  its  new  coniponnds, 
but  allow  of  its  being  united  with  products  which   are  formed  by 
chemical  changes  as  a  result  of  their  activity.    The  whole  process 
converts  the  nitrogenous  elements  into  ammonia,  nitrous  and  nitric 
acids,  carbonic  acid  and  water,  and  produces  also  phosphoric  acid.   It 
takes  place  most  readily  in  porous,  somewhat  moist  earth  aud  at  a 
high  temperature.    It  is  a  necessary  preparation  of  the  soil  for  the 
life  of  plants.    The  active  bacteria  of  this  decomposition,  nitrification, 
or  mineralization  do  not  extend  to  any  great  depth,  generally  not  so 
deep  as  12  feet,  below  which  the  ground  is  sterile.    The  rapid  oxida- 
tion going  on  near  the  surface  leaves  little  free  oxygen  for  the  use  of 
bacteria  even  at  the  depth  of  a  few  feet.    The  decomposition  effected 
chiefly  by  the  aerobic  bacteria  in  the  upper  layers  enables  plants  to 
draw  nutriment  from  the  new  products,  and  thus  the  presence  of  air 
and  bacteria  in  the  mold  are  necessary  conditions  for  the  growth  of 
vegetation.    These  newly  discovered  facts  must  have  a  very  important 
bearing  upon  agriculture.    The  relation  of  air  supply,  soil,  tempera- 
ture, and  moisture  to  the  microbic  life  in  the  earth,  and  consequently 
to  growing  crops,  will  become  a  fruitful  subject  of  research  to  chemists, 
bacteriologists,  and  scientific  farmers. 

Most  of  the  diseases  of  plants  are  dependent  to  a  very  great  extent 
on  conditions  of  weather,  and  many  are  transported  by  the  air  to  new 
situations  where  they  spread  as  from  a  center.  Thus  they  difier  from 
the  spreading  diseases  of  animals,  which  are  not,  on  the  whole,  mainly 
aflFected  by  the  character  of  a  season,  and  are  not  carried  so  far  through 
the  atmosphere.  The  number  of  plant  diseases  of  an  infectious  kind, 
depending  on  fungi  or  microbes,  is  very  great.  The  vine  alone  i» 
attacked  by  more  than  a  hundred  species.  Some  species  live  in  alter- 
nate generations  on  diflFerent  plants;  thus  the  rust  of  wheat  requires 
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tV\e  barberry  plant  for  one  of  its  stages  of  development.  The  spores 
of  mildews  and  microscopic  fungi  are  generally  ejected  in  great  nura- 
\yers  and  with  some  force  into  the  air,  and  are  carried  from  plant  to 
plant,  or  field  to  field,  by  the  air,  as,  for  instance,  the  potato  disease, 
hvonospora  infestanSj  and  the  mildew  of  the  coffee  plant.  Heat  and 
moisture,  dew  and  gentle  rain,  are  favorable  to  the  growth  and  spread 
of  most  diseases  of  plants.  The  fungus  of  dry  rot  grows  in  damp, 
nnventilated  places  on  badly  seasoned  wood,  and  when  about  to 
produce  spores,  seeks  the  light;  its  sporangia  dry  up  and  discharge 
innumerable  spores.  The  common  ferment  of  grape  juice,  the  Saccha- 
romyees  eUipsoideuSj  grows  on  the  surface  of  the  grape,  and  when  it 
gains  access  to  the  fermenting  vats  develops  enormously  by  budding 
and  division ;  when  its  development  is  hindered,  as  by  drying  up  of  the 
liquid,  spores  are  formed,  which  are  capable  of  resisting  dryness,  high 
temperature,  and  various  conditions  without  losing  their  power  of  ger- 
mination. They  may  thus  be  carried  alive  to  a  new  habitat.  This 
action  is  characteristic  of  a  great  number  of  ferments,  of  minute  fungi, 
and  of  microbes  generally,  and  explains  the  transmission  of  many  dis- 
eases both  of  plants  and  animals.  The  globular  spore  case  of  mold, 
such  as  appears  on  fruit,  jam,  bread,  etc.,  scatters  its  spores  in  all  direc- 
tions, each  siwre  being  about  one  three-thousandth  of  an  inch  in  diam- 
eter. These  float  in  the  air  in  great  numbers.  The  spores  of  oidium, 
again,  a  vine  disease,  escape  into  the  air  as  fine  dust,  and  spread  with 
extreme  facility.  The  sudden  appearance  of  potato  disease  in  a  field 
is  due  to  the  field  having  been  sprinkled  with  the  si)ores  of  the  perono- 
spora  in  dry  weather,  and  to  the  quick  development  of  the  zoospores 
when  favored  by  damp,  either  rain  or  dew.  The  smut  of  corn  produces 
extremely  light  spores,  about  one  five-thousandth  of  an  inch  in  diame- 
ter; these  float  in  the  air,  and  have  so  strong  a  resistent  power  that 
they  will  germinate  in  water  after  having  been  kept  for  years  in  a  dry 
place.  The  peziza  of  the  lily  disease  fires  off  ascospores  which  are 
carried  by  the  wind  to  rich  soil  where  they  germinate,  produce  hyphte, 
bore  into  the  tissues  of  the  plant,  and  shed  millions  of  spores  around. 
A  disease  of  the  pine  is  associated  also  with  the  groundsel,  on  which 
the  fnngns  spends  a  portion  of  its  existence.  The  hop  mildew  is  borne 
by  the  wind,  and  has  been  found  to  be  to  some  extent  averted  from 
threatened  fields  by  thick  woods  or  large  hedge  rows. 

A  great  deal  of  disease  in  plants  and  forests  is  produced  through 
bounds,  to  which  the  air  conveys  fungi  which  accelerate  decay.  The 
^^ecomposed  organic  matter  becomes  a  suitable  soil  for  the  development 
of  fangi,  whicli  •are  not  parasitic  on  living  parts,  and  spores  from  these 
*re  very  abundant.  The  hyphae  of  the  disease  fungus  follow  up  the 
poisonous  action  of  the  juices  of  the  mold  fungus  and  spread  into  the 
contiguous  wood.  True  wound  parasites  also  alight  on  the  damp  sur- 
ftce  of  a  cut  or  broken  branch  and  extend  their  mycelium  into  the 
''viug  tissues,  gradually  bringing  about  the  dea-th  of  the  tree. 
SM  95 20 
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These  and  very  many  other  spreading  diseases  in  plants  can  only 
with  difficulty  be  controlled  when  their  spores  are  given  off  in  lar<^ 
numbers,  and  when  the  vegetation  on  which  they  alight  is  damp  or  in 
a  vulnerable  condition.  Various  applications  have  been  tried  to  save 
plants,  such  as  potatoes  and  vines,  from  attack,  and  though  partially 
successful,  they  involve  much  trouble.  Tbe  best  security  is  the  preveu 
tion  of  the  emission  of  large  numbers  of  the  disease  spores  into  tbe  air 
from  decaying  or  affected  plants,  and  to  cultivate  only  those  varieties 
of  plants  which  are  most  immune  from  infection.  The  extent  to  which 
plant  diseases  are  transmissible  through  the  air  has  never  been  ascer 
tained.  It  seems  probable  that,  with  the  exception  of  wide- spread dis 
ease  in  exceptional  seasons,  the  diffusive  action  of  the  wind  would,  in 
general,  so  disperse  the  germs  as  to  render  them  harmless  to  healthy 
plants  not  too  near  together.  If  this  be  so,  then  the  careful  destrnc 
tion  of  centers  of  infection  as  early  as  possible  would  very  greatly 
reduce  the  prevalence  and  damage  of  the  diseases  of  plants.  The 
preservation  of  fruits,  such  as  apples,  is  only  successful  where  care  i^ 
taken  that  they  are  not  too  near  together,  and  that  those  attacked  are 
speedily  removed.  But  in  damp,  warm  places  the  spread  is  too  rapid 
for  such  measures  to  be  effectual.  Dry,  sterilized  air  might  be  found 
a  valuable  means  of  preserving  fruits,  vegetables,  and  provisions  ijeii 
erally. 

INFLUENCE  OF  WEATHER  ON  INSECT  PESTS. 

The  effect  of  a  particular  kind  of  season  on  insect  pests  is  wortliyof 
more  attention  than  it  has  hitherto  received.    The  importance  of  attack 
ing  in  time  and  as  far  as  possible  destroying  the  insect  life  which. 
if  neglected,  inflicts  incalculable  damage  on  crops  and  gardens,  hsv^ 
scarcely  been  realized,  owing  to  the  blight  being  generally  regarded!  as 
a  necessary  evil,  not  to  be  foreseen  or  prevented.    The  development  of 
insect  pests  is  generally  favored  by  dry  weather.     Stunting  of  the 
growth,  and  overmaturation  of  the  sap  of  plants  induce  early  changes 
in  the  maturing  and  structure  of  aphides;  the  insects  multiply  without 
the  interference  of  the  ordinary  destructive  influences  of  ba<l  weather. 
and  delicate  maggots,  etc.,  which  are  generally  drowned  in  very  large 
numbers  by  storms  of  rain,  emerge  unharmed.    At  the  same  time  it 
may  happen  that  corn  and  other  crops  may  be  enabled  by  earlier  hard- 
ening of  the  case,  stalks,  etc.,  to  protect  themselves  against  attack* 
which  in  wet  years  would  bring  serious  damage.     In  some  countries, 
and  in  respect  to  some  crops,  it  is  customary  to  arrange  the  date  ot 
maturity  with  special  regard  to  the  protective  power  of  the  plant  and 
the  period  of  expected  attacks  from  insects.    The  whole  subject  is  at 
present  too  little  under  scientific  observation,  and  great  benefit  might 
result  if  the  following  branches  of  inquiry  were  systematically  iiivesii 
gated:  (1)  The  influence  of  different  kinds  of  weather  in  developing 
insect  pests;  (2)  the  time  of  appearance  of  crop  insects  in  different  sea- 
sons in  relation  to  the  weather,  and  the  time  at  which  crops  are  most 


S8  in  general  take  tip  free  oxygen  ft'om  tlie  air  and  daring  the 
xhale  a  small  quantity  of  carbon  dioxide.  Tbey  also  give  a 
nantity  of  osygea  to  the  air  by  the  breaking  up  of  carbon 

into  carbon  and  oxygen  throngh  chlorophyll.  The  oxygen  is 
,  while  the  carbon  is  retained.    Experiments  have  been  made  on 

plants  with  the  object  of  ascertaining  the  amount  of  oxygen 
tbey  absorbed  at  different  temperatures.  The  following  are 
"  the  results : 

seedlings  of  Trop(^olum  majns  absorbed  1.04  cubic  centimeters 
dioxide  of  osygeu  per  hour  at  35°  C. 

seedlings  of  wheat  absorbed  0.088  cubic  centimeter  of  oxygen 
ir  at  15.40  0. 

plant  has  its  temperature  of  maximum  absorption.  Wheat 
I  37.6  milligrams  of  carbon  dioxide  per  hour  at  40^0.  Themaxi- 
mount  of  carbon  dioxide  evolved  at  the  temperatures  does  not 
ond  with  the  maximum  of  oxygen  absorbed.  Variations  in  the 
atiou  of  the  atmosphere  do  not  iuwrfere  with  the  respiratiou  of 
and  the  relations  of  the  amounts  of  these  gases  absorbed  and 
1,  unless  those  variations  are  extreme,  and  not  occurring  iu 
I  conditions. 

tshave  been  placed  under  glass  shades,  with  their  roots  immersed 
ir  contaiuiug  free  earbouic  acid  and  certain  salts,  and  with  their 
parts  exposed  to  a  north  hght  in  carbon  dioxide,  hydrogen,  and 
111.  In  the  carbon  dioxide  they  did  not  thrive.  Convolvulus 
very  well  in  nitrogen,  mixed  with  a  third  part  of  carboo  diox- 
i  after  three  weeks  these  easea  were  found  to  be  mixed  with  so 
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The  annual  average  temperature  within  forests  is  slightly  lower  than 
in  the  open.  The  difference  is  greatest  in  summer,  least  in  wintei. 
The  day  temperature  is  less,  the  night  temperature  more,  than  in  the 
open.  In  summer,  a  beech  forest  is  more  effective  for  cooling  than  fir 
or  spruce.  The  soil  temperature  is  lower  in  forests,  especially  in  sam 
mer,  when  the  difference  may  amount  to  14^  F.  The  mean  anuoal 
relative  humidity  is  from  3J  to  10  per  cent  greater  than  in  the  open. 
Nearly  one-fourth  of  the  rainfall  is  intercepted  by  the  trees  and  evapo 
rated  or  slowly  conducted  to  the  ground.  Forests  somewhat  increase 
rainfall,  especially  on  high  ground.  The  humus  formed  from  fallen 
leaves  diminishes  the  evaporation  from  the  soil  by  more  than  one  hall 
The  whole  effect  of  forests  is  to  retain  and  more  equably  distribute  the 
moisture  throughout  the  year,  so  that  streams  flowing  from  them  are 
not  torrential,  and  not  subject  to  heavy  floods,  but  are  kept  well  aod 
moderately  supplied.  By  the  prevention  of  excessive  heating  of  the 
soil  by  the  sun,  and  by  the  diminution  of  range  of  daily  temperature 
and  of  sudden  changes,  malarious  fevers  are  reduced.  The  mitigationof 
strong  winds,  of  hot  sunshine,  of  blizzards,  and  intense  frosts  is  favor- 
able to  health,  and  generally  the  shelter  and  amenity  of  well-distribated 
woods,  copses,  and  forest  trees  are  of  great  hygienic  and  agricultoral 
importance. 

CERTAIN  PHYSICAL  QUALITIES  OP  THE  ATMOSPHERE. 

It  is  a  law  of  gases  that  the  volume  of  a  given  mass  is  inversely  as 
the  pressure;  otherwise  stated,  the  density  at  a  constant  temperature 
is  proportional  to  the  pressure.    The  resistance  to  coropressiou,  then, 
is  proportional  to  the  pressure.    Yet  the  law  is  not  exactly  true  at 
various  pressures  and  temperatures.    Air  follows  it  very  closely.  Air 
and  nitrogen  are,  for  pressures  up  to  20  atmospheres  at  least,  more 
compressed  than  if  this  law  were  exactly  true.     Amagat,  by  a  fiii« 
series  of  experiments  with  a  tube  of  mercury  extending  about  1,000  feet 
into  a  deep  coal  pit,  found  that  air  is  slightly  more  compressed  up  to  a 
pressure  of  about  80  atmospheres,  and  then  begins  to  be  somewhat  Ic^^ 
compressed.    At  about  400  atmospheres  the  deviation  on  the  side  of 
less  compression  is  nearly  one-fifth  of  the  volume,  the  value  jpr,  or  the 
pressure  multiplied  into  volume,  being  1.1897  compared  with  the  origi 
nal  unit.    For  pressure  diminished  below  that  of  the  normal  it  appears, 
so  far  as  experiment  has  hithertx)  gone,  that  the  value  pv  is  practically 
constant  down  to  at  least  one  eight-hundredth  of  an  atmosphere,   ^'o 
determination  has  been  fully  verified  for  pressures  below  one-thousandth 
of  an  atmosphere.    The  air  at  a  height  of  90  miles  is  still  sufficiently 
dense  to  set  meteors  on  fire  by  friction,  but  can  not  exert  more  than  one 
three  thousandth  of  the  ordinary  pressure,  unless,  indeed,  the  atmos- 
phere be  surrounded  by  some  lighter  gas.    Both  air  and  meteor  are  at 
a  temperature  below  — 180^  C.  before  contact  takes  place.    The  experi- 
mental difficulties  of  ascertaining  the  values  at  these  low  pressures  are 
exceedingly  great. 
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PROPAGATION  OF   SOUND  IN  AIR. 

The  rate  of  propagation  of  sound  in  air  is  believed,  on  theoretical 

groonds,  to  increase  in  some  slight  proportion  with  the  intensity  of  the 

sound.    The  mean  velocity  of  the  explosion  sounds  and  air  waves  of 

Krakatoa,  in  the  eruption  of  1883,  was  about  700  miles  an  hour,  or  less 

by  abont  23  miles  than  the  velocity  calculated  for  sound  in  air  at  0^  F. ; 

it  corresponded  with  the  theoretic  velocity  at  between  — 20°  and  —30°  F. 

How  was  the  rate  affected  by  the  temperature  of  the  upper  air,  and  what 

mean  value  of  temperature  can  be  assumed  in  that  total  propagation  Y 

Tlie  rate  of  movement  diminished  in  the  second  and  third  circuits  of 

this  great  air  wave  round  the  globe  5  the  rate  for  the  first  passage  in 

one  direction  was  10.23  per  hour;  for  the  last,  9.77  per  hour;  in  the 

other  direction,  10.47  and  10.27,  respectively;  so  that  a  diminution  of 

rate  with  diminishing  intensity  does  seem  to  have  occurred.    The  high 

temperature  of  the  tropics  does  not  appear  to  have  raised  the  rate,  as 

might  be  expected,  above  the  rate  in  the  temperate  zones.    Nor  did  the 

air  wave  travel  faster,  so  far  as  can  be  deduced,  than  ordinary  sound, 

although,  considered  as  a  very  low  note,  it  might  theoretically  be 

exi)ected  to  do  so.    The  velocity  of  the  wave  in  the  tropics  toward  the 

east  was  retarded ;  in  the  extratropics  toward  the  west  was  retarded 

toward  the  east  accelerated ;  from  the  data  available  in  the  report  of 

the  Krakatoa  Committee  of  the  Royal  Society  of  London  it  appears 

that  in  the  tropics  there  was  an  excess  ot  general  movement  of  air  from 

east  to  west  of  about  14  miles  an  hour,  and  in  the  extratropics  an 

Excess  of  14  miles  from  west  to  east.    Thus  the  propagation  of  the  air 

Waves  throws  some  light  on  the  mean  air  movement  within  and  without 

the  tropics.    The  effect  of  cold  in  the  regions  both  of  the  South  and 

Jforth  Poles  was  not  what  might  have  been  expected;  there  was  no 

discoverable  retardation  by  the  low  temperature.    All  these  results 

lave  yet  to  be  interpreted,  but  may  perhaps  themselves  contribut-e 

toward  a  better  knowledge  of  the  laws  of  the  transmission  of  sound 

and  great  waves  in  air. 

The  sounds  of  Krakatoa,  which  were  audible  over  an  area  exceeding 
twice  that  of  Europe,  were  not  very  loud  in  some  places  in  the  imme- 
diate neighborhood  of  the  volcano.  It  seems  as  if  the  mass  of  falling 
ashes,  pumice,  mud,  etc.,  and  the  great  variations  of  temperature  and 
hnmidity  in  the  midst  of  the  hot  materials  must  have  exerted  a  pow- 
erful dulling  effect.  Striae  or  lamiusB  of  alternate  hot  and  cold  air 
seem  to  be  very  capable  of  diverting  and  reflecting  sound  waves. 

With  regard  to  the  conveyance  of  ordinary  sounds  in  air  in  various 
kinds  of  weather.  Professor  Tyndall  and  others  have  arrived  at  certain 
results  of  much  scientific  interest  and  practical  importance.  The 
condition  of  the  air  varies  very  greatly  with  regard  to  transmission  of 
sound,  and  often  without  any  apparent  cause.  Fog,  rain,  hail,  and 
snow  do  not  sensibly  diminish  sound.    The  most  powerful  cause  of 
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stoppage  is  nonhomogeneity  of  atmosphere,  or  aerial  reflection  by  a 
number  of  carrents,  columns,  or  laminsB  of  diflferent  density.  On  one 
day  guns  and  sirens  were  heard  at  10 J  miles;  two  days  later  ^ere 
inaudible  at  3  miles.  Water  in  the  state  of  vapor  mixed  with  air, 
in  nonhomogeneous  parcels,  acts  powerfully  in  wasting  sounds.  Not 
only  clouds,  but  layers  of  transparent  air,  may  prodiice  echoes  both 
intense  and  long.  The  power  of  the  particles  of  cloud  to  produce 
au bible  echoes  has  been  doubted  by  Tyndall;  but  we  may  observe  that 
a  grove  of  trees  in  leaf,  even  of  larches  and  pines,  has  a  very  strong 
effect  in  reflecting  sound  and  in  heightening  its  pitch.  Let  any  passen 
ger  by  railway  note  the  marked  rise  of  pitch  as  the  train  passes 
between  woods  of  beech  or  oak.  The  sound  resembles  that  of  a  small 
cascade,  or  of  wind  among  rustling  leaves. 

The  blasts  of  the  fog  siren  have  hitherto  been  found  to  be  most 
effectual  of  all  sounds  tried  for  prolongation,  penetration,  and  smaD 
cost.  Its  audibility  is  good  at  a  range  of  2  miles  under  all  conditions. 
Experiments  are  still  needed  in  order  to  attain  a  higher  efficienc}  in 
sound  propagation  for  maritime  and  other  purposes,  and  to  ascertain 
the  effect  of  air  in  various  conditions.  The  transmission  and  collection 
of  sound  through  a  few  miles  by  means  of  suitable  exciters,  polished 
funnels,  and  acoustic  mirrors  of  large  size  has  not  been  developed  as  it 
might  be. 

AURORA  BORBALIS  AND  AUSTRALIS. 

The  aurora  borealis  or  australis  is  very  far  from  being  understooi 
The  height  of  the  luminous  arch  has  been  variously  estimated  and 
calculated  as  between  33  and  281  miles,  and  no  doubt  greatly  varies 
in  different  latitudes  and  in  different  displays.    The  greatest  height 
estimated  was  500  miles.    But  in  high  latitudes  the  aurora  has  been 
observed  to  emerge  from  the  tops  of  hills  and  even  as  a  rule  from  the 
ocean,  but  not  from  ice  floes.    Loomis  has  given  much  information     | 
concerning  the  distribution  of  the  aurora  over  the  globe  in  the  Smith-     ] 
sonian  Report  for  1865.    Fear  latitude  40  in  the  United  States  only     i 
10  aurorse,  on  an  average,  are  seen  annually.    Near  latitude  42,  about     ' 
20;  near  45,  about  40;  and  near  50,  about  80  are  seen.    Between  lati- 
tude 50  and  62  auroras  are  seen  almost  every  night,  as  often  to  tlie 
south  as  to  the  north.    Farther  north  they  are  seldom  seen  except  in 
the  south,  and  from  this  point  northward  they  diminish  in  brilliancy 
and  frequency.    Near  latitude  78  the  number  is  reduced  to  10  annn 
ally.    In  the  meridian  of  St.  Petersburg  the  region  of  80  auroras  is 
found  between  66^  and  75^.    The  region  of  greatest  auroral  action  is  a 
zone  of  oval  form  encircling  the  North  Pole,    This  zone  resembles 
a  line  everywhere  perpendicular  to  a  magnetic  meridian.     In  Europe 
aurorsB   are  much  rarer  than  in  North  America.    Some  auroral  dis- 
plays, such  as  the  remarkable  one  of  March  30, 1894,  are  visible  both 
in  Europe  and  America.    It  seems  that  an  exhibition  around  one  mag- 
netic pole  is  often  simultaneous  with  a  similar  exhibition  around  the 
other  magnetic  pole  of  the  earth. 
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The  aurora  appears  to  be  the  result  of  the  agitation  aud  vibration  of 
particles  of  air  under  the  influence  of  the  passage  of  an  electric  current, 
diverging  from  the  magnetic  polar  regions.    The  current  passes  where 
the  resisting  power  is  least,  that  is,  in  highly  rarefied  air,  dense  air 
and  a  vacuum  both  offering  too  much  resistance  to  be  used  for  the 
course  of  the  current.    It  strongly  affects  telegraph  wires  and  coire- 
siKinds  with  earth  currents  of  uncommon  intensity.    It  has  been  sup- 
posed by  Sabine  and  others  to  be  connected  with  disturbances  in  the 
son,  which,  again,  depend  on  the  iiosition  of  the  planets.    Sun  spots 
and  auroras  were  considered  to  be  at  a  maximum  in  periods  of  eleven 
years;  auror®  and  earth  currents  to  be  due  to  small  but  rapid  changes 
in  the  earth's  magnetism;  the  upper  conducting  strata  of  the  air  to 
behave  like  a  secondary  coil,  and  the  sun  to  act  like  a  primary  current 
wbioh  producer  magnetic  changes  in  the  core  of  a  Euhmkorlf  machine. 
There  seems  to  be  no  doubt  of  a  connection  between  the  periods  of  sun 
spots,  of  the  variation  of  the  magnetic  needle,  and  of  aurora?. 

Some  observers  have  noted  a  connection  between  these  lights  and 
great  cyclonic  storms,  but  they  are  certainly  not  always  followed  by 
ba<l  weather,  and  in  North  America  have  been  associated  with  clear 
skies.  Moreover,  the  height  at  which  they  traverse  the  air  renders  it 
UDlikely  that  they  should  be  either  the  cause  or  effect  of  disturbances 
iu  the  lower  air. 

Occasionally  the  elevation  of  moisture  and  cirrus  cloud  to  a  great 
lieiglit  may  afford  a  readier  than  ordinary  means  of  transit  to  electric 
currents.    Generally,  however,  cirrus  cloud  does  not  extend  to  one- 
tenth  of  the  calculated  height  of  the  aurora,  and  can  hardly  aid  iu 
forming  a  passage  for  the  current.    That  some  visible  effect  of  induc- 
tion may  be  produced  on  cirrus  and  high  cirro-cumulous,  which  are 
tbemselves  electrified,  is  not  improbable.    The  present  writer  was  once 
neatly  struck  by  a  very  extraordinary  arrangement  of  high  cirrus  and 
ciiTo-cumulus  clouds  in  closely  packed,  detache<l,  reticulated,  and  nearly 
rectangular  compartments,  covering  the  whole  area  of  the  sky  overhead, 
from  9  to  9.50  a.  m.  on  November  17, 1882,  in  London,  and  learned  after- 
wards that  at  about  10  a.  m.  a  great  magnetic  storm  had  occurred  over 
the  country.    The  radiant  point  was  about  north.     The  appearance 
of  the  clouds  was  represented  on  paper  at  the  time,  and  the  diagrams 
were  afterwards  submitted  to  members  of  the  Koyal  Meteorological 
Society. 

The  simultaneous  appearance  of  an  aurora  in  northern  Euroi)e  and 
in  America  rather  discounts  the  supposed  connection  between  this  phe- 
nomenon and  the  weather,  for  changes  very  rarely  take  i)lace  about  the 
same  time  and  in  connection  with  each  other  over  this  wide  area. 
March  and  October,  the  months  of  maximum  display,  happen  to  be 
months  which  are  often  windy  in  England.  The  cause  of  the  aurora 
is  rather  to  be  sought  in  changes  which  come  within  the  scope  of  astro- 
nomical inquiry.  The  spectroscope  has  not  given  much  information 
regarding  the  nature  of  the  substances  which  emit  the  li^ht.    The 
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appearance  of  the  aurora  greatly  resembles  the  passage  of  voltaic  elec- 
tricity through  Geissler's  exhausted  tubes. 

Observatiou  is  much  needed  in  relation  to  these  matters.  The  aurora, 
from  a  meteorological  point  of  view,  is  interesting  as  a  proof  of  tlie 
great  height  to  which  the  atmosphere  extends.  Estimates  of  the  height 
of  the  phenomenon  exceeding  100  miles  have,  however,  not  been  folly 
verified. 

METEORS  AND  AEROLITES. 

Meteors,  or  shooting  stars,  are  within  the  domain  common  to  both 
aistroHomy  and  meteorology.  The  moment  they  enter  the  atmosphere 
they  are  objects  of  special  interest  to  the  meteorologist.  It  is  known 
that  they  traverse  the  air,  where  it  is  dense  enough  to  raise  them  to  a 
white  heat,  at  very  great  velocities. 

Many  calculations  have  been  made  of  the  height  of  particular  meteors 
which  have  been  observed  over  a  wide  stretch  of  country.  The  state^ 
ment  by  one  astronomer  many  years  ago  as  to  the  enormous  numbers' 
which  enter  the  atmosphere  daily  has  been  repeated  so  often,  without 
confirmation  by  the  actual  observation  of  others,  that  it  would  be  well 
to  obtain  independent  values  for  particular  areas  on  which  to  base 
fresh  estimates.  The  majority  of  shooting  stars  are  probably  telescopic 
objects  and  of  very  small  dimensions,  perhaps  not  larger  than  pebbles. 
Particles  weighing  only  a  few  grains  become  visible  to  the  naked  eve 
if  they  enter  the  air  at  a  velocity  of  40  miles  a  second.  Many  nighU 
pass  in  which,  with  a  clear  sky,  only  a  very  few  shooting  stars  cross  the 
field  of  view. 

It  has  been  suggested  by  a  distinguished  astronomer  that  meteors  or 
aerolites  are  the  products  of  terrestrial  or  lunar  volcanoes,  which  have 
been  shot  out  to  so  great  a  height  that  they  escaped  from  the  retaining 
power  of  the  earth's  gravitation.  In  remote  ages  the  density  of  the 
air  and  the  amount  of  vapor,  and  consequently  the  friction,  must  have 
been  greater  than  at  present;  but  meteorology  oflPers  no  objection  to 
the  theory,  and  the  problem  of  their  terrestrial  or  extraterrestrial 
origin  is  rather  one  for  geology  to  assist  in  elucidating. 

ATMOSPHERIC  TIDES. 

There  can  be  no  doubt  that  large  tidal  effects  are  produced  io  the 
atmosphere  by  the  sun  and  moon,  but  they  are  not  easily  dete<!ted,  for 
the  barometer  only  registers  the  weight  of  the  air  and  not  the  height, 
and  the  weight  of  a  column  of  certain  height  is  diminished  under  the 
crest  of  a  tidal  wave.  Practically,  however,  solar  and  lunar  gravita 
tion  and  their  atmospheric  tides  have  no  important  infiuence  on  weather. 
Provisionally,  the  barometric  effect  of  the  lunar  tide  has  been  calculated 
from  observation  to  be  from  0.003  to  0.004  inch.  The  interest  of 
the  question  lies  rather  in  its  astronomical  bearing.    The  range  or 

^  Four  hundred  million  has  been  given  by  one  computation. 
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fereuces  of  thickness  of  the  stratum  of  air  through  which  the  heav- 
y  bodies  are  viewed  must  be  considerably  greater  at  spring  tides 
Ln  at  the  opposite  phases. 

THE  ZODIACAL  LIGHT. 

The  zodiacal  light  still  remaius  very  much  a  mystery.  It  may  be  a 
lection,  by  a  multitude  of  exceedingly  small  and  liglit  solid  particles 
Ten  off  from  the  sun,  of  the  solar  beams,  and,  indeed,  it  seems  highly 
^bable  that  the  development  of  electricity  in  the  chromosphere  may 
sufficient  to  propel  small  particles  with  much  greater  force  away 
m  the  sun  than  gravitation  can  exercise  in  restraining  them.  When 
)  surface  is  lai*ge  compared  with  the  mass,  as  in  the  smallest  particles 
ger  than  molecules,  the  electric  forces  need  not  be  disproportionately 
eat  to  exceed  by  many  times  the  force  of  gravitation  even  of  the  sun. 
the  interplanetary  spaces  be  filled  with  reflecting  and  nonreflecting 
>tes  derived  from  sun,  and  moving  at  a  speed  much  exceeding  that  of 
rolites,  we  must  suppose  thatour  atmosphere  is  always  receiving  within 
§  borders  multitudes  of  these  particles  which  are  instantly  consumed 
f  friction.  Moreover,  if  such  emission  proceeds  continually  from  the 
m,  a  similar  process  takes  place  from  the  more  distant  stars,  and  the 
hole  of  recognized  space  is  traversed  by  small  elementary  particles 
raveling  at  an  enormous  speed.  The  phenomena  of  the  tails  of  comets 
end  to  corroborate  this  opinion.  In  fact,  considering  the  immense  num- 
«r  of  comets  in  space,  it  seems  impossible  that  such  small  particles 
!aD  be  absent.  Compared  with  their  extension,  their  united  mass  may 
)e  very  small  indeed  within  the  orbits  of  the  planets.  Like  meteor 
(warms,  they  do  not  apparently  affect  the  motion  of  comets  or  of  plan- 
&t«.  None  the  less,  the  part  they  fill  in  the  economy  of  the  universe 
Diay  be  considerable. 

HEIGHT   OF  THE  ATMOSPHEBE. 

Meteors  which  have  been  calculated  to  pass  with  ignition  through 
air  at  a  height  sometimes  as  great  as  300  miles;  aurorae,  of  which  the 
fafiglit  has  been  estimated  by  careful  observation  sometimes  to  exceed 
Similes;  and  the  duration  of  twilight,  with  polarizing  effects  of  the 
%,  giving  a  height  of  198  to  212  miles,  agree  in  showing  a  much  greater 
^titudefor  the  extension  of  our  atmosi)here  than  was  formerly  supposed. 
^Jrsto  and  then  45  miles  was  generally  stated  as  the  outside  limit.  And 
^^6  Lave  to  remember  that  at  this  great  altitude  of  about  300  miles  the 
atmosphere  is  dense  enough  to  produce  very  palpable  effects.  It  would 
^  a  bold  proposition  to  assign  a  limit  to  the  atmosphere  within  1,000 
iiles. 

ATMOSPHERIO  DUST  AND  THE   REFLECTION  OF  LIGHT. 

Atmospheric  dust,  or  particles  large  enough  to  arrest  the  movement 
light  waves,  exercise  a  very  important  function  in  the  illumination 
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of  the  air  and  sky,  which  would  otherwise  be  dark  except  in  thediree 
tiou  of  the  sun,  moon,  and  stars.  The  beauty  of  land  and  sea  audof 
atmospheric  effects  would  be  vastly  reduced  if  the  reflecting  partide* 
were  absent,  and  houses  not  facing  the  direct  sunshine  would  be  mm- 
veniently  dark.  Ozone  and  oxygen  molecules,  in  some  state  probably 
of  aggregation,  are  concerned  in  the  reflection  of  blue  rays,  so  tbat  an 
elimination  of  the  coarser  dust  would  not  entirely  darken  the  atmos- 
phere. A  complete  removal  of  reflected  rays  would  slightly  diminish 
the  terrestrial  warmth  derived  from  the  incidence  of  light  rays  from 
tlie  general  atmosphere,  and  slightly  increase  that  derived  froui  tbe 
direct  rays  of  the  sun.  Invisible,  or  barely  visible,  vapor  particles  are 
probably  still  more  efficacious  in  producing  similar  effects. 

SUNLIGHT   AND   THE  EARTH'S  ATMOSPHERE — ABSORPTION  AND 

RBFLECTION. 

The  light  of  the  sun  which  reaches  the  earth  has  passed  through  tm 
atmospheres,  one  of  the  sun  and  one  of  the  earth,  and  each  of  the* 
atmospheres  robs  the  light  emitted  from  the  sun's  body  of  some  of  \i< 
brilliancy  and  an  unequal  proportion  of  color,  so  that  the  original  culor 
of  the  sun  is  modified  by  the  successive  subtractions  from  parts  of  the 
spectrum  before  it  reaches  our  eyes.    The  sun's  atmosphere  arrests 
more  blue  rays  than  red,  and  the  light  from  the  middle  of  the  sans 
disk  is  more  blue  than  that  which  reaches  us  from  the  limbs,  for  it  has 
to  traverse  less  of  the  solar  atmosphere.    Prof.  S.  P.  Langley  has 
shown  that  the  eft'ect  of  the  invisible  solar  atmosphere  is  so  iniiM>rt;iiii 
that  its  diminution  by  a  third  part  would  cause  the  temperatnie  of  tbe 
British  Isles  to  rise  above  that  of  the  torrid  zone.    The  earth's  atmos 
phere,  also,  has  the  effect  of  scattering  many  rays,  and  principally 
those  waves  which  form  the  most  refrangible  end  of  the  visihle  »\}fx 
triim  and  gives  the  impression  of  blue.     By  the  use  of  an  exceedingly 
delicate  instrument,  at  a  height  of  15,000  feet.  Professor  Langley  w;vs 
able  to  show  that  at  this  elevation,  where  nearly  one-half  of  the  absorb- 
ing mass  of  the  air  was  got  rid  of,  the  ray  60,  near  D,  had  grown  in 
brightness  in  the  proportion  2  to  3,  that  the  blue  end  of  the  spectrum 
had  grown  in  intensity  out  of  all  proportion  to  the  rest,  and  that  a  very 
great  length  of  invisible  spectrum  became  recognizable  beyond  the 
visible  rays  below  the  red.    The  amount  of  energy  in  this  invisible 
extension  is  much  less  than  that  of  the  much  shorter  visible  end.    The 
conclusions  to  which  Professor  Langley  arrived  as  the  result  of  his 
investigations  on  the  solar  light  was  that  the  sun  is  blue,  that  the  solar 
heat  is  greater  than  was  supposed,  and  that  the  total  loss  by  absorption 
in  the  atmosphere  is  nearly  double  what  had  been  estimated.    The  son 
he  calcnlates  to  be  competent  to  melt  a  shell  of  ice  60  yards  thick  over 
the  wliole  earth  annually,  or  to  exert  1  horsepower  for  each  square 
yard  of  the  normally  exposed  surface.    The  existence  of  life  on  the 
planet,  and  especially  of  the  human  race,  must  clearly  be  dei>eudent 


ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.       315 

m  the  cai)acity  of  the  atmosphere  for  modifying  and  absorbing  the 
radiant  energy  of  the  sun. 

An  investigation  of  the  principal  elements  concerned  in  arresting 
and  reflecting  the  sun's  rays  would  yield  results  of  much  interest.  The 
absorptive  and  reflecting  capacity  of  vapor  in  the  free  air  has  not  been 
determined.  The  power  of  any  constituents  of  the  air,  e.  g.,  ozone  and 
aiDmonia.  apart  from  dust  particles,  to  scatter  the  rays  of  light,  is  not 
known.  The  reasons  of  the  variations  in  radiation  from  the  surface  of 
the  earth  on  different  days  when  the  weather  continues  clear  and  appar- 
ently unaltered  have  not  been  fully  made  out.  Much  information  might 
be  gained  by  regular  observation  at  two  stations,  one  on  the  summit  of 
a  high  mountain  and  one  on  the  plain  below,  of  the  radiation  value  by 
day  and  night,  and  by  comparing  the  results  with  the  weather,  humidity, 
and  any  meteorological  phenomena  which  might  be  connected  with 
ihem.  Thus,  for  instance,  a  comparison  of  the  radiation  from  the  sta- 
tions on  two  clear  days,  one  dry  and  the  other  humid,  would  give  some 
idea  of  the  effect  of  invisible  vapor  in  arresting  radiation.  If  true 
vapor  in  a  dry  state  is  found  in  the  laboratory  not  to  stop  heat  rays, 
the  inference  would  have  to  be  made  that  vapor  in  the  air  often  exists 
in  a  different  but  still  invisible  condition. 

WINDS  AND  TEMPERATURE  AT  GREAT  HEIGHTS. 

Balloon  observations  have  shown  that  a  variety  of  currents  are  often 
met  with  in  ascending  from  the  earth  to  10,000  or  20,000  feet,  and  also 
remarkable  changes  of  temperature,  not  always  in  the  direction  of  cold. 
On  September  15,  1805,  the  air  near  the  earth  was  82^,  and  at  23,000 
feet  was  15*^.  On  July  27,  1850,  after  passing  through  a  cloud  fully 
15,000  feet  thick,  17.1°  was  noted  at  19,685  feet,  and  —36.2^  at  23,000 
feet.  On  July  17, 1862,  at  10,000  feet,  26^;  at  15,000  feet,  31°;  at  19,000 
feet,  42°;  then  a  little  below  this  height  only  16^.  Thus  it  seems  that 
the  air  may  be  not  seldom  divided  into  adjacent  masses  differing  by 
-f»"  or  more.  On  March  21, 1863,  up  to  10,300  feet  the  wind  was  east, 
between  10,300  and  15,400  feet,  west;  about  15,0(K)  feet,  northeast; 
higher  still,  southwest,  and  from  20,600  to  23,000  feet,  west.  The 
changes  of  humidity  are  also  sudden  and  great.  Eain  falls  sometimes 
t,000  feet  above  falling  snow,  at  15,000  feet.  At  37,000  feet  the  dryness 
)f  the  air  indicated  an  "almost  entire  absence  of  vapor,"  yet  cirri 
loated  high  above  this  altitude.  On  July  27,  1850,  the  balloon  passed 
hrongh  about  7,000  feet  of  ice-cold  water  particles,  and  ice  needles 
brmed  only  at  — 10^.  On  March  21,  1893,  a  small  balloon  with  re^is- 
ering  apparatus  was  sent  up  to  a  height  much  greater  than  any  of 
rhich  there  was  previous  record,  and  a  temperature  of  — 51^  C.  was 
ecorded  at  about  45,500  feet;  the  air  at  Yaugirard  at  the  time  being 
,t  17^  C.  This  very  promising  experiment  of  sending  recording  bal- 
Dons  to  great  altitudes  seems  likely  to  lead  to  valuable  infr)rmation  on 
he  condition  of  the  air  up  to  50,000  or  60,000  feet  m  various  kinds  of 
reather. 
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Observations  by  mountaineers  on  the  Andes  and  in  the  Himalayas 
have  shown  that  the  difTerence  between  night  and  day  tero|>eratnTes,at 
heights  aboat  20,000  feet  and  over,  is  extraordinarily  great,  and  that 
changes  are  very  sadden.  The  interposition  of  a  cloud  of  ashes  from 
a  volcano  produced  on  Ohimborazo  a  fall  from  50^  to  16o  F.  in  two 
hours.  The  effect  of  the  shadows  of  clouds  on  the  air  and  clouds  below 
must  be  very  considerable. 

ELECTRICITY  AT  HIGH  ALTITUDES. 

Electricity  is  highly  developed  in  the  upper  regions.  The  observa- 
tions carried  on  for  some  years  at  Pikes  Peak,  Colo.,  14,132  feet  abore 
the  sea,  and  about  8,000  feet  above  the  plain,  proved  that  snow  and  bafl 
are  always  accompanied  by  electric  manifestations.  That  St.  Elma's 
fire,  or  the  brush  discharge,  occurs  when  the  air  is  damp  with  rain^ 
snow,  or  hail,  and  that  the  sparks  are  often  almost  continuous  in  storms 
of  snow  and  hail,  the  flakes  and  hailstones  being  highly  electrified. 

The  appearance  of  cirrus  suggests  the  shaping  of  this  cloud  by  elec- 
trical forces,  and  there  can  be  no  doubt  that  the  air  above  5  or  6  miles 
is  strongly  charged  with  electricity,  which  has  not  yet  been  experimen- 
tally accounted  for.    The  origin  is  generally  attributed  to  evaporation, 
by  which  the  evaporated  water  and  the  wat^r  surface  take  electricities 
of  different  signs,  and  there  is  some,  but  not  sufficient,  exi)erimei)taJ 
ground  for  the  hypothesis.    Gases  consist  of  a  vast  number  of  mole- 
cules which  may  be  considered  as  separated  from  each  other,  and  tbe^ 
can  receive  an  electric  charge  in  such  a  manner  as  to  make  the  whole 
mass  of  a  gas  so  charged  electric.    The  minute  particles  of  water  float- 
ing in  the  air,  being  better  conductors,  become  more  highly  charged  and 
present  comparatively  smaller  surfaces  with  a  denser  charge  continn- 
ally  as  they  grow  in  size.    In  fine  weather  the  air  is  usually  iwsitive, 
in  broken  weather  more  often  negative.    The  upper  air  is  considered 
to  be  positive  and  the  earth's  surface  is  negative.    Electricity  incre^ises 
very  rapidly  with  height;  thus  Sir  W.  Thomson  found  the  potential  to 
increase  from  23  to  4G  volts  for  a  rise  of  1  foot.    Clouds  in  showery 
weather  are  strongly  electrified  and  the  change  of  sign  is  often  rapid. 
In  showers  and  thunderstorms  streams  of  sparks  run  off  from  the  end 
of  an  elevated  collecting  wire,  and  sometimes  from  telegraph  wires. 
Valuable  information  for  the  forecast  of  storms  and  weather  generally 
might  be  obtained  from  observation  of  the  electric  character  and 
potential  of  clouds,  obtained  through  instruments  near  the  surface  of 
the  earth. 

ATMOSPHERIC  CURRENTS  ABOVE  40,000  FEET. 

The  observations  of  extraneous  matter  in  the  upper  atmosphere  after 
the  eruption  of  Krakatoa,  showed  that  a  current  from  east  to  west,  of 
hurricane  force  (80  miles  an  hour),  nrevailed  in  August  and  September 
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over  the  equatorial  regioD,  aud  that  a  slower  movement  of  the  upper 
air  from  southwest  and  west  prevailed  in  autumn  over  the  northern 
temperate  zone.  Investigation  of  the  currents  of  the  atmosphere  at 
height^s  exceeding  40,000  feet  is  likely  to  lead  to  valuable  results. 
Eiploring  balloons  might  even  show  the  ultimate  possibility  of  rapid 
eonimunieations  between  distant  places  by  means  of  steady  upper 
currents. 

Part  IV.— Subjects  fob  Keseaboh. 

The  following  subjects  for  research  seem  likely  to  yield  valuable 
results  in  connection  with  the  welfare  of  man.  The  bearing  of  some 
of  the  points  suggested  may  be  slight  or  remote,  but  are  not  on  that 
account  altogether  negligible: 

The  topographical  features  of  different  countries  in  relation  to  cli- 
mate and  weather,  and  a  comparison  of  the  effect  on  weather  and 
climate  of  similar  physiographical  features  and  circumstances  in  dif- 
ferent zones  and  climatic  areas. 

The  influences  of  forests  and  cultivation  on  weather,  on  humidity,  on 
atmospheric  electricity,  rainfall,  thunderstorms,  soil  moisture,  and  the 
flow  of  rivers. 

The  hifluence  of  the  radiation  from  diflerent  soils  and  surfaces  on 
climate,  as,  for  instance,  of  grass  compared  with  fallow,  and  of  sand 
compared  with  rock  and  clay. 

The  heat  received  by  the  soil  from  the  sun  in  different  climates  and 

at  different  altitudes. 

The  intensity  oif  solar  radi<ition  at  different  latitudes  and  altitudes. 

The  intensity  of  terrestrial  radiation  into  space  by  day  and  night  at 

different  altitudes,  and  the  temperature  of  small  objects  suspended 

at  high  altitudes  in  sunshine  and  at  night.    This  might  be  obtained 

by  exploring  balloons. 

The  temperatures  of  clouds  of  different  thickness  and  different  char- 
acter in  their  upper,  lower,  and  central  parts,  and  at  a  little  distance 
oatside  them. . 

The  causes  of  the  down  rush  and  increase  of  horizontal  movement  of 
the  air  often  observed  before  heavy  showers  and  hailstorms. 

The  dynamical  and  thermal  consequences  of  the  rising  and  falling  of 
masses  of  air. 

The  action  of  air  in  motion,  or  wind,  on  calm  or  stagnant  air  near 
their  bounding  surfaces;  the  manner  in  which  by  friction  and  by  impiict 
masses  of  air  influence  other  masses  whether  at  rest  or  in  motion,  and 
the  effects  of  the  collision  of  meeting  masses  of  different  S])eciflc  gravity 
and  humidity. 

The  influence  of  clouds  of  various  thicknesses  and  heights  on  the 
radiation  fix>m  the  earth's  surface. 

The  nature  of  the  vapor  or  invisible  water  screen  which  often  arrests 
radiation  on  clear  nights. 
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The  capacity  of  vapor  and  water  of  existing  in  various  states  in  tte 
air,  and  the  reasons  for  the  great  differences  of  state  observed,  whether 
as  dry  or  wet  fog,  mist,  haze  of  several  sorts,  cloads  of  many  sorts, 
ice  particles  and  snow  crj'^stals  of  very  many  different  forms,  snow  flake 
of  various  shapes  and  sizes,  hailstones  of  various  shapes,  oonstractioii 
and  sizes,  and  soft  hail,  or  graupcl. 

The  temperature  of  fogs  and  of  their  bounding  edges. 

The  climatic  and  geological  effects  of  coverings  of  ice  and  snow. 

Tlie  relation  of  the  temperature  of  oceans,  seas,  and  lake^  to  the 
climate  of  the  neighboring  parts. 

The  variations  and  ranges  of  temperature  with  height  in  different 
latitudes  and  climates. 

The  extension  of  soundings  of  the  high  atmosphere  with  thermome^ 
ters  and  other  instruments  by  small  balloons  on  the  plan  recently  f^c- 
cessful  in  Paris  or  at  Vaugirard. 

The  observation  by  means  also  of  small  balloons  and  recording  instra 
nieuts  of  temperatures  at  various  heights  above  the  ground  iu  different 
kinds  of  weather,  say  at  2,000,  4,000,  6,000, 8,000,  10,000,  12,000, 14,000, 
16,000,  18,000,  20,000,  24,000,  and  28,000  feet  Such  observations  may 
give  very  valuable  information  for  the  purjioses  of  forecasting,  for  there 
is  reason  to  believe  that  certain  kinds  of  stormy  weather  are  charac- 
terized by  very  great  differences  between  adjacent  strata,  especially 
in  cold  weather  and  at  high  altitudes,  and  that  these  differences  art 
diagnostic  symptoms  in  many  cases.  In  fine,  settled  weather  the 
changes  are  probably  much  more  regular  with  increase  of  height. 

The  absorjition,  in  air,  of  radiant  heat  of  low  re&angibility  in  differ- 
ent kinds  of  weather  both  along  horizontal  planes  and  vertically,  and 
obli(]uely;  and  the  relation  of  absorption  to  actual  and  foUowiDg 
weather.  The  amount  of  absorption,  which  might  easily  be  mejisnred 
by  a  thermopile  and  galvanometer  directly  toward  a  constant  source  of 
heat,  or  by  a  bolometer,  would  be  an  interesting  subject  of  inquiry  in 
connection  with  obscure  states  of  vapor  and  water  in  the  air,  and  with 
the  f()re(;ast  of  weather. 

The  loss  of  heat  by  drops  passing  through  a  known  distance  of  air, 
both  dry  and  humid,  in  a  certain  time.  The  relation  of  the  rapidity  of 
the  loss  of  heat  to  the  size  of  the  drop,  and  the  difference  between  the 
temperatures  of  the  drops  and  of  the  air.  Similar  experiments  conld 
be  made  with  ice  bullets.  The  results  might  elucidate  some  point*  in 
connection  with  the  evaporation  and  growth  of  raindrops  and  with  the 
growth  of  snowtiakes  and  hailstones.  A  high  tower  in  firosty  weather, 
or  a  shot  tower,  might  be  convenient  for  these  experiments;  or  a  cliff 
of  sufficient  steepness  and  height. 

The  effects  of  the  mixture,  on  a  rather  large  experimental  scale,  of 
masses  of  air  of  different  temperatures,  humidities,  and  electrical 
states,  and  of  different  electrical  sign.  The  resulting  humidityi  fog 
formation,  and  electrical  state. 


ifl'ect  of  an  electric  field  on  tbe  sarface  tension  of  rlrops  of  water, 
I  various  effects  of  varying  amounts  and  proximity  of  tlie  elec- 
jf  the  cliarged  surface  ou  drops  of  different  sizes.  Wlien  tlie 
al  field  is  uniform  tlie  unrface  tension  of  tlie  drop  is  only  slightly 
bed,  and  the  diminution  is  independent  of  the  size  of  the  drop, 
mall  drops  thus  preserve  their  high  xuiface  tension  in  the 
3rhoo<l  of  an  electric  field.  But  when  there  arc  a  number  of 
i  atoms  surrounding  the  droplets  the  effect  is  different;  the 
tion  of  surface  tension  which  is  brongbt  about  varies  inver-icly 
square  of  the  radius  of  the  droplet.  Tlie  whole  salijeet  of  the 
icatiou  of  gases,  dry  and  moist,  the  electrification  of  drops  of 
and  their  behavior  uuder  electrification,  and  the  relation  of  sur- 
nsion  in  cloud  globules  and  drops  to  electricity  in  natural  condi 
requires  investigation.  The  "cloudy  condensation"  of  stenm, 
e  optical  effects  in  electrified  steam  have  hitherto  led  to  cunt! ret 
erences,  and  careful  observation  has  not  yet  proved  adiminullon 
ease  in  tbe  si/,e  of  the  water  particles  or  a  recombinalion  of  diK- 
d  molecules  of  oxygen  and  nitrogen.  The  question  is  of  great 
t  in  many  respects,  and  may  have  a  bearing  on  thnndcrstornis, 
1,  evai>oration,  and  chemical  problems. 

tly  stated,  there  are  three  principal  views  of  the  apparent 
of  electricity  on  steam.  Mr.  Aitken  believes  that  the  tliicJi  eon- 
ion,  coloration,  ete.,  of  a  jet  oi  electrified  steam  is  due  to  the 
tion  of  the  coalescence  of  the  very  small  condensed  pjirticlfs 
ironid  occur  without  electrification.  Mr.  Bidwell  believed  thiii 
fcts  were  produced  by  the  conglomeration  under  electric  excite- 
f  particles  which  would  otherwise  have  evaporated  itnsi'en,  not 
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centimeters  of  mercury;  in  the  case  of  particles  of  0.00001  centimeter 
diameter,  to  1  or  2  centimeters  of  mercury,  that  is,  to  pressure  incre 
ments  certainly  met  with  in  steam  jets.  The  fact  that  nuclei  of  afei 
hnndred  molecular  diameters  are  needed  is  the  very  feature  of  these 
experiments,  and  explains  why  smoke  and  other  coarse  material  isnse^ 
less,  and  why  the  condensation-producing  dust  must  be  so  bigbly 
specialized."  Glowing  charcoal  and  red-hot  platinum  produce  effeett 
similar  to  those  of  flame,  owing,  according  to  Professor  Oarus,  to  the 
escape  of  clouds  of  exceedingly  minute  particles  from  these  objects. 
<^  Dust-stimulated  condensation  differs  merely  in  degree,  not  in  kind^ 
from  jet  condensation  in  air,"  for  air  always  contains  fine  dust.  ^^Air 
nominally  purified  needs  only  a  higher  degree  of  snpersaturation  to 
evoke  condensation  running  through  the  whole  gamut  of  colors."  Mr. 
Bidwell  found  the  following  substances  active  in  the  condeDsation  of 
the  jet:  Air,  oxygen,  or  nitrogen,  in  which  the  electrical  discharge  was 
occurring;  burning  and  incandescent  substances;  fumes  from  phos^ 
phorus;  hydrochloric  acid;  sulphuric  acid  vapor;  nitric  acid  vapor; 
acetic  acid  vapor.  The  following  were  inactive:  Air,  etc.,  in  whicii 
the  electric  discharge  had  ceased  for  about  ten  seconds ;  smoke  with 
out  fire;  bottled  phosphorus  fumes;  ozone,  steam,  alcohol  vapor;  formic 
acid  vapor;  sulphurous  acid.  Finding  that  the  effects  of  a  discharge 
in  nitrogen  and  in  oxygen  separately  were  the  same  as  in  air^  Mr. 
Bidwell  concluded  that  the  action  is  due  in  some  way  to  dissociated 
atoms  of  nitrogen  and  of  oxygen.  Robert  Helmholtz  suggested  sucb 
an  explanation,  having  discovered  that  flames  and  incandescent  sub^ 
stances  generally  cause  dissociation  of  the  molecules  of  the  sarronnd- 
ing  air;  and  Mr.  Bidwell  hints  at  the  possibility  of  the  necessitj'of  the 
presence  of  water,  as  in  so  many  chemical  reactions,  to  recombine 
dissociated  atoms. 

The  whole  subject  is  an  important  one  to  meteorology  and  meritsa 
searching  and  full  investigation. 

The  difference  of  weight  in  drops  after  falling  through  a  measured 
height  in  difi'erent  states  of  the  air,  dry  and  moist,  and  the  relation  of 
loss  or  increase  of  weight  to  size  of  drop. 

The  gain  or  loss  in  weight  of  drops  similarly  let  fall,  but  previously 
strongly  or  feebly  electrified.  These  experiments  to  be  tried  in  satu- 
rated and  in  foggy  air. 

The  increase  in  weight  and  bulk  of  particles  and  bullets  of  ice  allowed 
to  drop  through  satuiated  and  foggy  air  and  through  misty  rain  at  a 
low  temperature.  The  ice  bullets  to  be  cooled,  before  falling,  down  to 
several  degrees  below  0^  C,  and  the  efl'ect  of  electrification  to  be  tried. 

Similar  experiments  to  be  tried  in  the  laboratory;  e.  g.,  frozen  spheres 
of  water  to  be  rotated  rapidly  through  freezing  fog  artificially  produced 
in  a  closed  space;  the  icy  spheres  and  the  fog  to  be  electrified,  and  tbc 
gain  in  weight  of  the  ice  sphere  to  be  noted,  also  the  relation  of  rapid- 
ity in  rotation  and  difierences  of  temperature  and  electric  state  to  the 
observed  increase. 
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The  development  of  large  ice  crystals  to  be  attempted  in  the  labora- 
tory, sach  as  sometimes  form  on  the  outside  of  hailstones.  Electrifica- 
tion, saturation  of  air,  and  great  rapidity  of  movement  would  seem 
needful. 

The  study  of  the  movement  of  convection  currents  over  a  soil  or  sur- 
face heated  to  various  degrees  above  the  temperature  of  the  air.    Smoke 
might  to  some  extent  show  the  manner  in  which  the  currents  rise  and 
the  height  to  which  they  reach  in  contiunous  streams.    The  effect  of 
wind,  at  some  height  above  the  surface,  in  promoting  or  retarding  the 
onbroken  ascent  of  currents  might  be  observed,  in  connection  with 
sach  phenomena  as  showers,  tornadoes,  and  the  formation  of  cumulus. 
The  effect  of  a  calm  above  a  moving  air  mass  might  similarly  be  shown 
on  a  small  scale. 

The  radiation  of  air  and  of  vapor,  separately  and  together,  and  mixed 
in  various  proportions;  also  the  absorption.  Experiment  might  give 
information  respecting  the  radiation  and  absorption  of  air  and  vapor 
in  respect  of  li^lit  and  of  heat  in  general  of  various  refrangibility. 

The  radiative  and  absorptive  power  of  fog  or  cloud.  Experiments 
might  give  useful  results  both  in  the  laboratory  and  in  natural  condi- 
tions. The  effects  of  dust  and  smoke  mixed  with  the  fog  might  be 
observed,  and  the  comparative  loss  of  heat  in  unit  of  time  by  dusty 
or  smoky  and  dust-free  air. 

Observations  are  needed  on  the  geographical  distribution  of  thun- 
<iei'stonn8  and  hailstorms,  the  influence  of  mountains,  forests,  and 
local  winds,  and  on  means  of  forecast  and  warning  against  damage. 

The  elaboration  of  plans  for  the  mechanical  use  of  wind  power  for 
pumping,  irrigation,  factories,  mills,  and  traction  or  propulsion,  and 
for  the  conversion  of  wind  power  into  electrical  energy.  The  geo- 
iraphical  distribution  of  wind  force,  and  the  areas  in  which  steady, 
strong  winds  blow  continually  or  for  long  periods,  need  to  be  ascer- 
tained in  order  to  place  windmills  in  economically  advantageous  posi- 
tions. The  heights  above  the  ground  at  which  wind  is  strongest 
shoald  also  be  ascertained. 

Mr.  Symons  notes  that  the  Hon.  B.  Abercrombie,  in  1875,  summed 

ap  the  results  of  a  study  of  the  oscillations  of  the  barometer  in  thuu- 

derstormB,  and  concluded  that  there  are  two  classes  of  storms  in  this 

country— one  in  which  the  barometer  rises,  in  the  other  it  falls.    The 

rise  is  always  under  the  visible  storm,  and  the  greatest  rise  is  under 

the  greatest  uptake,  or  ascensional  column  of  air.    Dr.  Fines,  of  Per- 

pignan,  established  a  Bedier  baragraph  in  1875,  and  in  a  memoir 

published  in  1883  gave  reproductions  of  the  traces  of  several  storms. 

He  found  that  before  heavy  rain  at  Perpignan  there  is  usually  (1)  a 

decrease  of  pressure  and  temperature;    (2)  with  the  rain,  sudden 

increase  of  wind,  rapid  rise  of  barometer,  and  fall  of  temperature; 

(3)  at  the  end  of  the  storm  rain,  reversal  of  the  last  three  phenomena. 

It  apx)6ars  probable  that  a  fall  of  the  barometer  before  thunder  or 

hail  storms  may  be  cs^ased  by  the  increased  amount  of  vapoi  in  t\i^ 

05^ :21 
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colamn  of  air  above  it,  and  the  rise,  in  most  cases,  is  simply  explained 
by  the  condensation  of  vapor  permitting  drier  air  to  flow  in,  and  still 
more  by  the  existence  of  a  cold,  heavy  mass  of  air  at  some  ratlier  higb 
altitude,  which,  indeed,  is  one  of  the  main  causes  of  the  storm.  The 
barometer  may  very  probably  in  most  thunder  or  hail  storms  be  acted 
upon  oppositely  by  the  two  coexisting  conditions,  a  humid  oolnmnof 
ascending  air  and  a  descending  block  of  upper  air  colder  than  the 
average  of  its  level.  Hence  the  mercury  is  either  stationary  or  oscil- 
lates within  narrow  limits.  The  rise  under  the  ascensional  colamD  may 
also  be  frequently  caused  by  the  rapid  ascent  of  a  column  of  air  which 
takes  an  appreciable  time  to  expand  to  the  lower  density  of  the  upper 
levels.  A  study  of  the  temperature  and  barometric  movements  before 
storms  of  different  kinds,  and  with  different  winds,  might  lead  to  anse^ 
ful  prognosis  of  the  course  and  character  of  storms,  tornadoes,  and 
heavy  rains. 

Observations  on  the  rate  of  change  of  ocean  temperatures  at  differ- 
ent depths  in  relation  to  the  temperature  of  the  air  and  to  theinflaence 
of  currents  are  needed,  and  also  of  the  rate  of  cooling  and  warmiugof 
air  currents  passing  over  a  sea  surface  of  lower  or  higher  temperature. 

Experiment  is  needed  in  extension  of  our  knowledge  respecting  the 
amount  of  ground  air  and  gases  in  various  soils,  their  expansion  ander 
variations  of  atmospheric  and  ground  temperatures,  of  atmospheric 
pressure,  and  of  natural  processes  of  decomposition.  Smoking  or 
scented  substances  buried  in  the  ground  might  afford  some  useful 
information.  Also,  respecting  the  production  of  gases  by  bacteria  in 
the  soil,  the  movements  and  permeation  of  ground  air  or  gases  through 
various  soils,  the  emission  of  microbes  into  the  air  at  different  seasons 
and  hours,  and  the  density  of  microbes  in  the  air  near  the  groand. 
Also,  respecting  the  depth  in  various  soils  at  which  organic  matter 
best  undergoes  harmless  decomposition,  so  as  not  to  give  out  noxioas 
products  to  the  air  to  a  degree  dangerous  to  health,  or  offensively,  so 
as  not  to  poison  wells,  and  so  as  to  be  of  maximum  benefit  in  agricul- 
ture.   The  relations  of  ground  air  to  the  ground  water. 

The  amount  of  dew  derived  from  the  earth,  directly,  in  various  tem- 
peratures, soils,  and  circumstances;  the  amount  exhaled  byvarioos 
plants,  and  the  amount  of  organic  matter  and  microorganic  life  in  dew 
in  particular  situations,  such  as  malarious  tracts  and  water  courses. 
The  depth  from  which  dew  may  be  derived,  as,  for  instance,  the  meas- 
urement of  the  depth  at  which  the  soil  begins  to  be  moist  on  sandy 
elevated  malarious  plateaus,  where  dew  vapor  emanates  from  the 
ground,  but  the  surface  down  to  several  inches  is  dry. 

The  discovery  of  some  means  of  determining  the  amount  of  moisture 
belonging  to  dew  proper  and  to  deposition  from  very  humid  air  on 
solids  in  certain  states  of  the  atmosphere. 

The  emission  of  solid  exceedingly  minute  particles  from  wet  evapo- 
rating and  drying  earthy  and  other  surfaces  at  different  temperatures 
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of  air  and  groand.    The  emission  of  organic  particles  from  maishes 
and  drying  edges  of  pools,  etc. 

The  amonnt  of  organic  matter  and  number  of  microbes  in  the  air  in 
different  situations,  hoars,  and  seasons,  a^,  for  instance,  in  malarious 
Talleys  and  tracts,  and  on  hills  and  house  tops  compared  with  a  height 
of  3  or  4  feet  from  the  groand,  on  sandy  malarious  plains  on  still  even- 
ings, in  places  subject  to  cholera,  diarrhea,  and  rheumatism,  in  low 
meadows  and  by  river  banks  at  sunset  in  summer,  in  places  some  miles 
to  windward  and  to  leeward  of  great  towns,  in  streets,  in  old  and  new 
hoases,  in  crowded  places,  in  railway  cars  and  in  cabins,  and  in  schools. 
An  investigation  of  all  the  phenomena  and  physics  of  evaporation 
from  liquid  and  solid  8urfa<^s.    The  development  of  electricity,  the 
effects  of  differences  of  temperature,  of  surface  tension  of  slight 
impnrity  and  slight  films  of  oily  matter,  the  phenomena  of  the  dust- 
free  envelope,  and  the  conditions  of  evaporation  from  the  human  body 
would  be  within  the  scope  of  the  inquiry. 

Tbe  determination  of  the  resisting  power  (1)  in  pure  fresh  air,  and 
(2)  in  foul  or  rebreathed  air  in  a  room,  of  the  various  microbes  con- 
cerned in  various  diseases  of  an  infectious  nature.  The  effect  of  dry- 
ness of  air,  of  sunshine,  of  the  presence  of  a  minute  trace  of  organic 
matter,  of  the  character  of  the  material,  whether  mineral  or  organic, 
on  which  they  rest.  The  effect  of  ozone,  of  nascent  oxygen,  and  of  the 
vapors  of  various  antiseptic  or  "disinfecting''  substances.  The  capa- 
bility of  growth  of  various  disease  microbes  on  culture  material 
intended  to  imitate  the  organically  contaminated  walls  or  rooms,  etc., 
and  the  discovery  of  means  for  preventing  such  growth  and  emission 
into  tbe  air  of  inhabited  places.  Examination  and  culture  of  microbes 
and  experiment  on  microbes  found  on  walls  of  closely  inhabited  rooms. 
Cultivation  of  microbes  on  size  used  for  papering,  and  on  paper,  and  on 
plaster.  The  observation  of  the  number  of  microbes  in  air  over  vari- 
ous kinds  of  street  pavement.  Examination  of  systems  by  which  the 
air  of  sewers  and  drains  may  be  prevented  from  entering  dwelling 
^onsesy  and  of  means  by  which  the  drain  may  enter  the  sewer  from 
Qndenieath,  so  that  the  drain  may  effectually  and  permanently  be 
sealed  by  contained  water  or  sewage. 

A  very  interesting  branch  of  research,  and  one  to  which  little  atten- 

tion  has  hitherto  been  paid,  is  the  formation  of  ice  crystals,  snow,  and 

4ail.    In  the  free  atmosphere,  beautiful  crystals  develop  themselves  in 

gresit  variety,  mostly  hexagonal  or  six-rayed,  but  some  few  with  three 

or  twelve  rays,  and  some  of  less  regular  shape.    At  least  two  hundred 

different  shaped  crystals  have  been  observed  and  drawn,  many  of  the 

most  exquisite  delicacy  and  regularity.    Often  a  single  shower  yields 

several  different  species  of  snow  crystals,  but  generally  there  is  great 

similarity  in  the  crystals  which  fall  about  the  same  time.    The  cause  of 

the  difference  in  shape  has  not  been  made  out,  and  indeed  is  not  likely 

to  be  fully  acoouuted  for  by  any  means  at  our  disposal,  but  the  present 
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writer  has  been  led  by  many  personal  observations  to  the  conclusioii 
that  the  crystals  are  differently  developed  according  to  (1)  the  amount 
of  dust  or  nuclei  in  the  air,  (2)  the  electric  state,  (3)  the  humidity  of 
the  stratum  where  they  have  their  origin  and  of  the  lower  strata,  and 
(3)  the  suddenness  or  slowness  of  their  growth.  He  found  that  in* 
clear  air  on  a  hill  crystals  on  vegetation  were  clearer,  simpler,  and  mow 
glassy  than  in  the  rather  foggy  neighboring  valley;  that  in  the  neigli 
borhood  (10  miles)  of  London,  where  the  air  was  smoky,  the  crystals 
on  trees  were  very  much  more  feathery,  branching,  and  opaque,  and 
yielded  smoky  water  on  melting.  The  upper  air  varies  greatly  in  the 
amount  of  contained  dust  nuclei,  in  free  electricity,  and  in  differences 
of  temperature  between  strata.  A  moist  southerly  wind  beating  back 
a  cold  northeast  wind  in  England  generally  yields  broad,  heavy,  irregu 
lar,  conglomerated  flakes;  a  dry  gentle  wind,  with  uniform  conditions, 
yields  regular  crystals,  small  and  thin;  a  very  dry  and  cold  aurinthe 
early  days  of  a  severe  frost  sometimes  gives  showers  of  pellets  of  vari 
ous  sizes,  roughly  hexagonal  or  polygonal,  very  dense,  thick,  opaque, 
and -like  a  number  of  superposed  plates.  In  March,  and  sometimes  in 
April,  a  soft  hail  or  dense  pellets  of  snow  fall  in  showers  with  a  north- 
east or  north  wind,  and  dry  air,  the  showers  alternating  with  bright 
sunshine.  At  great  heights  in  the  Alps,  the  snow  in  winter  is  small 
and  powdery;  in  summer  the  flakes  are  much  larger. 

Hail  is  often  the  result  of  a  sudden  condensation  of  very  warm,  moist 
air  by  great  reduction  of  temperature  at  a  great  height.  The  dast 
nuclei  are  soon  all  occupied  by  moisture  condensed  upon  them,  and  as 
the  vapor  falls  to  and  below  saturation  point  in  a  high  column,  it  has 
not  sufiBcient  nuclei  on  which  to  condense  in  cloudy  form,  and  precipi- 
tation takes  place  at  a  great  rate,  either  on  the  cloud  globules  or  on 
the  snow  crystals  which  fall  through  from  the  upper  part  of  the  cloud. 
Since  the  whole  or  a  great  portion  of  the  column  of  the  topmost  cloud 
is  below  the  freezing  point,  the  globules  as  they  come  in  contact  witli 
the  falling  crystals  instantly  freeze,  and  so  the  ciystal  grows  and  falla 
ever  faster,  accumulating  bands  of  ice  and  snowy  particles  according  as 
the  air  is  clear  and  saturated,  or  else  densely  cloudy,  through  which  it 
passes.  The  electric  charge  being  much  denser  comparatively  on  s 
large  drop  or  crystal  than  on  a  small  one,  and  the  vapor  pressure  being 
less,  the  hailstones  grow  very  quickly,  and  since  they  fall  rapidly 
through  very  thick  clouds,  they  add  much  ice  by  mere  impact  at  their 
base.  The  radial  structure  so  often  observed  indicates  the  origin  of 
the  hailstone  from  a  radial  snowflake  or  hexagonal  plate.  Hailstones 
of  large  size  are  produced  in  circumstances  of  great  electric  disturbimoe. 

Sometimes  a  hailstone  has  been  found  with  finely  developed  hexag- 
onal ice  crystals  growing  like  stalactites  from  a  matrix.  Possibly  the 
attachment  of  a  flat  hexagonal  crystal  at  a  certain  stage  in  the  &11  of 
the  hailstone  and  the  action  of  electricity  in  the  rapid  passage  through 
the  air  are  sufficient  to  account  for  these  large  ice  crystalsi  but  they 
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Ixave  not  been  observed  in  other  conditions  in  nature.  Small,  long, 
clear  crystals  are  formed  on  vegetation  in  a  clear,  moist  air  by  radia- 
tion. It  would  be  interesting  to  endeavor  experimentally  to  produce 
i€^  crystals  of  large  size  by  strong  electric  charges  in  saturated  air 
b«low  the  freezing  point  and  in  rapid  motion. 

THE  BEARING  OF  ATMOSPHERIO  INFLUENCES  ON  PLANTS. 

The  connection  between  atmospheric  conditions  and  the  development 
of  plants,  especially  of  staple  crops,  is  strongly  realized  by  every  farmer 
in  countries  where  weather  varies  from  year  to  year.    But  the  subject 
IB  an  immense  one,  and  its  branches  extend  in  many  directions,  some 
of  which  have  been  little  explored,  and  most  of  which  have  only  recently 
come  under  systematic  scientific  inquiry  in  a  few  places.    Most  valu- 
able work  on  agricultural  meteorology  has  been  done  in  the  United 
States,  in  France,  in  Germany,  and  in  England.    The  Climatology  of 
the  United  States,  by  Louis  Blodgett,  published  in  1857;  The  Signal 
Service  Tables  of  Bainfall  and  Temperature  Compared  with  Crop  Pro- 
duction; the  Compendium  of  Phonological  Observations,  by  Iline,  in 
Sweden;  the  work  of  Lawes  and  Gilbert  at  Bothamsted,  in  England; 
^Vollney's  Besearches  in  Agricultural  Physics;  Adamson's  and  Bous- 
Bongaolt's  various  and  interesting  observations  on  plants;  the  great 
work  of  Sachs  on  temperature  in  connection  with  plant  life;  and  Hofif* 
man's  extensive  work  in  the  same  field  afford  an  excellent  ground  for 
fhrther  researches,  which  ought  to  be  based  as  far  as  possible  on  a 
common  plan  and  to  be  both  national  and  international. 

As  regards  temperature,  the  following  points  may  be  considered  to 
lave  been  ascertained  with  respect  certainly  to  a  large  number  of 
plants  of  agricultural  value.    A  particular  temperature  or  a  narrow 
range  of  temperature  within  certain  limits  is  required  for  the  quickest 
germination  and  most  rapid  growth  of  each  kind  of  plant.    Growth  is 
retarded  in  proportion  to  the  deficiency  or  excess  of  temperature.    For 
each  plant  there  is  a  minimum  and  maximum  temperature  and  a  tem- 
perature most  favorable  to  growth.    The  sums  of  the  temperature 
required  for  a  certain  growth  of  similar  plants  in  two  places  are  in 
proportion  to  the  sum  of  the  temperatures  above  zero  at  the  places. 
Plants  in  high  northern  latitudes  grow  more  quickly  with  the  same 
temperature  than  the  same  kinds  of  plants  in  lower  latitudes.    Capa- 
bility of  resisting  cold  seems  to  increase  with  the  age  of  the  plant,  and 
plants  containing  much  water  seem  least  capable  of  resistance.    Seeds 
of  Dorthern-grown  or  mountain-grown  plants  germinate  and  develop 
earlier  than  similar  seeds  in  warmer  situations  when  both  are  planted 
together  in  the  warmer  place.    There  must  be  a  maximum  fruit  forma- 
tion and  growth  for  some  period  of  time  best  adapted  to  the  plant  or 
crop.    Blossoming  and  ripening  of  certain  plants,  beets  and  potatoes, 
Aowever  early  sown,  coincided  with  that  of  the  planting  which  took 
place  when  the  minimum  temperature  of  germination  of  the  plant  had 
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been  exceeded  by  the  ground  temperature.  This  result  discoaragcs 
very  early  planting.  The  highest  results  in  Austria-Hungary  were 
obtained  from  both  beet  and  potato  planted  on  May  1  as  against 
earlier  and  later  dates.  When  the  necessary  earth  temperature  has 
been  reached,  then  the  seeds  should  be  planted. 

The  observation  of  ground  temperature  ought  to  be  a  very  important 
branch  of  agricultural  practice.  The  temperature  at  depths  of  1^  to  3. 
inches  should  be  taken  daily,  and  in  course  of  time,  when  observations 
and  experience  have  been  accumulated,  and  a  classification  made  of 
the  results  for  various  crops,  this  will  become  a  more  useful  and  trnst- 
worthy  guide  to  the  farmer  than  the  temperature  of  the  air.  The  aspect 
or  exx)osure,  and  also  the  character  of  the  ground,  have  of  course  to  b« 
noted  in  connection  with  these  inquiries.  In  dry  ground  temperature 
increases  in  some  ratio  according  to  the  size  of  the  particles  aptoa 
certain  x)oint,  and  then  decreases.  This  holds  good  for  the  warm  se^ 
son.  Oscillations  of  temperature  follow  in  a  similar  relation.  In  moist 
ground  the  temperature  also  increases,  up  to  certain  limits,  with  the 
size  of  the  earth  particles,  and  the  ground  in  a  crumbly  condition  is 
warmer  than  in  a  powdery  or  fine  state  of  division.  In  the  cold  season 
the  coarser  ground  is  colder  and  follows  changes  of  temperature  more 
quickly  than  the  less  aerated  or  firmer  ground. 

Fine  earth  can  contain  more  water  than  coarse  earth,  but  also  evapo- 
rates more,  and  allows  less  water  to  sink  through  it.  Penetrability  and 
evaporation  are  frequently  inversely  related  to  each  other. 

Perhaps  some  results  of  ground  temperature  and  moisture  observa- 
tions arrived  at  by  the  present  writer  may  be  here  briefly  alluded  to, 
though  they  were  on  a  small  scale.    When  grass  or  earth  is  covered 
over  at  night  by  an  impermeable  material,  the  moisture  from  a  little 
below  the  surface  of  the  earth  exhales,  but  does  not  escape,  and  is 
deposited  on  the  undersurface  of  the  material  and  on  the  grass  blades. 
Plants  might  thus  be  kept  moist,  when  desirable,  by  a  covei-ing  which 
could  be  removed  at  any  convenient  time  in  the  afternoon  and  replaced 
in  the  evening.    Hollows,  depressions,  and  sheltered  parts  near  the 
hedges  are  much  more  bedewed  on  most  nights,  excepting  the  calmest, 
than  fully  exposed  places,  and  the  intensity  of  frost  and  the  sun's  heat- 
ing  eifect  a  little  below  the  surface  is  also  generally  greater — ^in  fact, 
the  daily  and  annual  range  of  shallow-earth  temperature  is  greater, 
but  all  these  results  depend  on  the  amount  of  wind  at  night  in  the 
particular  district.    Dew,  though  copious  under  a  close  covering,  is 
very  much  below  the  normal  on  the  earth  under  loose  coverings  or 
under  trees.    Since  moisture  combined  with  frost  is  often  fatal  to  plants 
when  irost  alone  is  not,  it  is  important  to  discover  the  driest  and  airiest 
situations  for  delicate  or  early  vegetables;  if  frost  and  fog  with  calm 
are  probable,  but  if  the  climate  is  subject  to  frost,  fog,  and  wind,  or 
frost  and  wind,  a  more  sheltered  situation  is  desirable,  according  to  the 
nature  of  the  plant,  for  some  suffer  more  by  cutting  winds  and  others 
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yy  freezing  fog.    The  sontbern  border,  even  to  some  yards'  distance,  of 
%  thick,  high  hedge  of  evergreen,  such  as  holly,  is  mach  warmer  than 
:>tbeT  situations,  and  is  most  warm  on  sloping  ground.    Pasture  land, 
replacing  arable,  increases  the  cold  due  to  radiation  at  night,  and  also 
the  relative  humidity  near  the  ground,  for  the  dew-point  is  quickly 
reached  over  grass.    The  difference  of  temperature  between  the  top  of 
moderately  long  grass  (a  few  inches)  and  the  surface  of  the  earth  or 
bottom  of  the  blades  is  often  very  great  in  the  evening  and  night, 
VP  or  more  occasionally,  and  at  2  inches  deep  in  the  ground  the  tem- 
perature of  the  roots  of  grass,  even  in  England,  may  be  26^  higher 
than  that  of  the  blades.    The  temperature  close  to  the  surface  of  the 
earth  under  grass  rises  very  quickly  immediately  after  sunrise.    The 
temperature  at  15  inches  deep  was  high,  59<^  to  62^,  and  nearly  uniform 
in  August.    These  experiments  were  made  on  sandy  soil,  and  in  the 
mold  of  a  pasture  field. 

The  relations  of  the  various  qualities  and  conditions  of  the  atmos- 
phere to  plant  growth  in  various  soils  and  situations  have  still  to  a 
great  extent  to  be  determined.    Agriculture  depends  not  only  directly, 
bat  also  indirectly  on  weather.    A  certain  kind  of  season  has  a  com- 
pound effect  on  a  great  number  of  crops,  on  each  a  somewhat  different 
result,  and  this  result  has  its  effect  upon  the  crops  of  succeeding  years. 
It  may  be  favorable  to  a  weed  or  to  a  species  of  blight,  mold,  rust,  or 
parasite,  as  well  as  to  the  crop  attacked  by  such  pests,  and  the  net  gain 
or  loss  for  the  present  and  future  may  not  be  easy  to  determine.    If  a 
particular  character  of  spring  is  found  to  have  a  particular  effect,  either 
in  hardening  a  crop  for  resistance  or  in  developing  a  pest  at  some  crit- 
ical time,  or  in  rendering  the  ground  fit  for  some  other  crop  than  one  of 
which  the  planting  seems  likely  to  fail,  then  valuable  results  will  have 
been  gained.    The  co-relation  of  a  variety  of  plants,  of  birds,  of  insects, 
of  fungi,  with  each  other,  and  the  relation  of  each  of  these  to  weather 
and  season,  have  still,  for  the  most  part,  to  be  made  out.    Accurate  obser- 
vations of  the  times  of  planting,  the  times  of  gathering,  and  the  charac- 
ter of  seasons,  may  render  it  possible  for  specialists  to  inform  farmers 
^th  a  large  percentage  of  success  of  the  best  time  for  their  operations 
in  various  localities.    Weather  conditions  are  exceedingly  important 
in  the  cutting  and  carrying  of  certain  crops — hay,  for  instance,  and 
there  must  be  a  particular  time  of  the  summer  which  is  most  favor- 
able for  each  district,  in  view  of  which  grass  should  be  sown  and  cut, 
^thout,  of  course,  any  interference  with  the  individual  judgment  as 
to  the  right  time,  which  must  vary  with  the  aspect  of  weather  and 
^j}.  It  would  be  desirable  to  use  some  standard  method  of  obtaining 
tbe  actual  temperature  of  plants  at  a  little  height  above  the  ground, 
^  ^ell  as  in  their  roots.    The  amounts  of  rainfall  and  the  relation  to 
plant  growth  in  various  soils  should  be  systematically  recorded.    The 
*Jnount  of  sunlight  and  ^'actinic"  energy  with  relation  to  various 
^ps  has  still  to   be  investigated  on  a  large  scale;  some  valuable 
^ults  have  already  been  obtained. 
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ABSORPTION  AND  EMISSION  OF  WATER  FROM  THE  LEAYES  OV 

PLANTS. 

M.  Boussingaalt  showed  some  years  ago  that  plants  absorb  from  tta 
earth  and  exhale  to  the  air  an  enormous  quantity  of  water.    He  calca 
lated  that  a  field  of  cauliflower,  1  hectare  in  extent,  <;an  emit  iu  twelT( 
hours  20,0()0  kilograms.    !M.  Deherain  states  that  a  young  blade  o 
wheat  evaporates  in  one  hour  a  weight  of  water  equal  to  its  own 
Eucalyptus  globulus  is  supposed  to  be  capable  of  evaporating  eleve 
times  the  rainfall  of  the  area  which  it  covers,  provided,  no  donht,  tha 
the  rainfall  is  not  excessively  large.    Oaks  are  also  great  evaporator 
and  grow  best  in  wet  clay.     M.  Fautrat,  inspector  of  forests,  ha 
found  that  the  quantity  of  vapor  in  the  air  over  forests  is  much  greate 
than  in  the  air  over  the  open  country.    But  exact  comparative  obser 
vations  of  the  amount  of  water  evaporated  within  and  without  forest 
areas  in  various  climates  are  wanting.    Forests  have  been  planted  in 
certain  parts  of  southern  France  with  excellent  results  in  the  improye^ 
ment  of  health,  and  malaria  has  diminished  in  several  instances  in 
consequence  of  judicious  planting.    The  question  of  planting  in  cod 
nectiou  with  human  health  is  a  very  important  one,  and  the  inliaeoee 
of  forests  and  trees  on  the  steadiness  of  the  water  supply  makes  it  yery 
necessary  that  forests  should  be  carefully  guarded  by  the  State  in 
many  countries.    Vegetation,  large  or  small,  should  never  be  hastily 
destroyed.    Trees  and  hedges  are  very  useful  in  breaking  the  force  of 
strong  winds,  in  giving  shelter  to  animals,  and  promoting  the  growth 
of  fruit  trees  and  vegetables,  and  they  add  greatly  to  the  amenity  of 
the  country. 

The  exact  conditions  of  climate  most  suitable  to  each  kind  of  nsefol 
crop,  tree,  or  plant,  have  yet  to  be  determined,  though  they  are  in 
many  cases  fairly  well  known.  The  development  and  selection  of 
hardy  specimens  would  be  aided  by  trial  of  the  effect  of  transplanting 
or  obtaining  seed  from  various  climates  of  each  species  examined.  The 
gradual  aeclimatization  of  plants  might,  under  scientific  inquiry,  be 
found  to  be  capable  of  furnishing  better  results  than  have  hitherto 
been  obtained. 

The  amount  of  water  collected  by  trees  from  the  air  in  misty  and 
damp  weather  has  not  been  determined,  although  in  some  districts, 
especially  where  warm,  moist  winds  from  the  sea  prevail,  withfreqaeut 
mist,  it  must  be  considerable. 

The  exact  manner  in  which  the  spores  of  dry  rot,  potato  disease, 
vine  diseases,  rust,  and  other  plant  fungi  are  conveyed  through  the  air, 
and  how  far  they  may  be  carried  in  a  potent  state  through  dry  and 
moist  air,  requires  investigation;  also  the  influence  of  ozone,  of  bus 
light,  and  of  drought  upon  them  when  deposited  on  their  host. 

The  relation  of  the  air  supply,  air  temperature,  and  moisture  to  th< 
microbe  life  in  the  soil,  in  connection  with  the  growth  of  crops,  witli 
biological  chemistry,  with  soil  emanationS|  and  with  diseases. 
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The  assiinilation  of  atmospheric  nitrogen  by  bacilli  connected  with 
certain  plants;  the  results  of  the  fermentation;  the  possible  synthesis 
irithin  the  microbe  cell  of  atmospheric  nitrogen  and  nascent  hydrogen, 
resulting  in  ammonia. 
The  inflaence  of  different  kinds  of  weather  in  developing  insect  pests, 
espedally  those  which  are  destructive  to  crops.    The  cultivation  of 
erops  in  such  a  manner  as  to  reuder  them  as  far  as  possible  proof 
against  such  pests,  by  choice  of  varieties  best  adapted  for  resistance 
and  by  planting  and  maturing  them  at  times  least  adapted  for  insect 
attacks.    The  issue  of  forecasts  of  insect  prevalence,  derived  from  sys- 
tematic study  of  the  habits  of  noxious  insects  and  of  the  weather  of 
present  and  previous  seasons. 

Experimental  investigation  of  the  respiration  of  plants. 

Germination  of  plants;  its  dependence  on  temperature  in  a  great 
variety  of  seeds  from  different  localities  and  latitudes.  The  influence 
of  temperature  of  the  air  on  the  formation  of  chlorophyll,  and  the 
activity  of  assimilation  and  growth  in  artificial  atmospheres  differently 
composed. 

The  relation  of  wind  to  health,  as  regards  force,  direction,  and  dura- 
tion, and  with  relation  to  temperature  and  moisture.  The  health  of 
cities  as  affected  by  mean  horizontal  movements  per  hour  and  by  the 
number  of  calms;  different  periods  in  the  same  cities  to  be  compared, 
and  the  same  periods  in  different  cities.  The  relation  of  wind  and 
calm  to  infectious  and  malarious  diseases,  taken  separately,  and  to 
ihenmatism,  neuralgia,  bronchitis,  and  colds.  The  generally  better 
health  of  towns,  villages,  and  dwellings  in  high  situations;  how  far 
owing  to  difference  of  soil  and  how  far  to  difference  of  climate,  espe- 
cially temperature,  daily  range,  and  wind.  The  comparative  healthi 
ness  of  the  upper  stories  of  houses,  especially  as  regards  diarrhea, 
typhoid,  rheumatism,  malaria,  and  tuberculosis.  The  bodily  and 
mental  conditions,  such  as  breakdown,  fatigue,  or  depression  from  over- 
work, anxiety,  or  other  causes,  and  all  cases  of  ill  health,  in  which  (1) 
ft  fine,  placid  climate  and  (2)  a  windy,  changeable,  moist  climate  is 
most  beneficiaL  A  comparison  of  the  health  and  diseases  of  inhab- 
itants of  wild,  windy  climates,  such  as  those  of  northern  and  western 
Sntain,  with  the  health  and  diseases  of  the  inhabitants  of  calm, 
bnght  climates,  if  possible  not  far  removed  in  latitude.  A  comparison 
<>f  the  health  of  sailors  on  board  ships  with  good,  airy  quarters  with 
tbe  health  of  the  same  class  of  people  in  the  country  on  shore  in  about 
(lie  same  latitudes. 

HALABIA. 

The  relation  of  malaria  to  various  soils,  to  the  aeration  of  the  soil, 
iejght  of  water  level,  ground  respiration,  and  plant  life,  with  its  evap- 
orative power  and  emission  of  oxygen.  The  distance  to  which  malaria 
sao  be  conveyed  over  land  and  sea,  and  over  fresh  water,  by  the  air 
irithout  losing  its  infective  power.    The  dependence  of  the  vitality  ot 
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the  orgaDism  on  moisture  in  the  air,  on  temperature  of  the  ab,  on  dark- 
ness or  light.  The  effect  of  belts  of  trees,  walls,  and  mosliu  acreeiu 
in  breaking  its  i>otency.  The  efiect  of  dried  air,  as  in  a  room  witlia 
fire,  in  enfeebling  the  organism  and  nullifying  its  power  to  infect  The 
effect  of  ozone  and  of  nascent  oxygen  upon  it,  and  the  effect  of  anti- 
septics such  as  thymol,  cinnamon,  toluol,  and  aromatic  vapors. 

Inquiry  into  the  infective  power,  if  any,  of  malaria  from  person  to 
person  through  the  air,  a  few  instances  having  been  recorded. 

CHOLERA. 

The  extent  to  which  cholera  may  be  regarded  as  endemic  in  parts  ot 
India  and  other  countries,  the  nature  of  the  soil  over  which  air  u 
infected,  the  most  favorable  amount  of  aeration  and  moisture  of  the 
soil,  the  atmospheric  conditions  most  favorable  to  its  growth  SDdto 
its  invasion  of  the  air  and  of  persons.  The  atmospheric  conditioDS 
most  favorable  to  its  extension  over  Europe  and  America,  and  the 
special  precautions  needed  to  prevent  the  transport  of  the  poison  io 
such  conditions.  The  possibility  of  a  system  of  international  warn- 
ings of  the  prevalence  of  the  epidemic  at  any  centers  and  of  forecasts 
of  seasons  or  types  of  weather  in  connection  with  its  probable  spread. 
The  experimental  use  of  some  liquid,  such  as  crude  petroleum,  for  block- 
ing the  pores  of  earth  where  cholera  is  endemic,  and  preventing  the 
emission  of  germs  into  the  air.  The  effect  of  cultivation  of  various 
moisture  absorbing  and  evaporating  plants  and  trees  in  endemic  areas. 

YELLOW  FEVER. 

The  transmissibility  of  yellow  fever  through  the  air  from  person  to 
person  and  how  far,  and  its  dependence  on  moisture,  temperataref 
wind,  and  other  conditions  of  the  air.  The  character  of  soil  and  snr- 
face  on  which  the  microbe  develops,  the  aeration  of  soil,  etc.,  and  the 
possibility  of  checking  its  growth  and  emission  into  the  air  by  spray- 
ing with  petroleum  or  some  viscous  disinfectant  or  antiseptic.  Since 
yellow  fever  germs  seem  to  be  aerobic  and  to  grow  largely  on  surfaces, 
the  treatment  of  street  surfaces,  walls,  ships,  harbors,  etc.,  in  this  wa; 
seems  promising. 

THE  PLAGUE,  TYPHUS,  TYPHOID,  AND  PNEUMOIOA. 

The  extent  to  which  the  plague,  typhus,  typhoid,  and  pneumonia  are 
severally  capable  of  passing  through  and  infecting  in  outside  air,  and 
also  confined  air.  Their  dependence  on  infected  soils  and  surfaces, 
and  on  aerated  or  nonaerated  soils;  on  atmospheric  conditions,  espe- 
cially temperature  and  moisture,  and  on  the  seasons.  Their  depend- 
ence on  human  habits  and  previous  life,  whether  mostly  in  bad  or  in 
fresh  air.  The  influence  of  breath  poisons  on  the  growth  and  spread 
of  typhus,  and  of  drain  or  sewer  air  and  gases  on  animal  and  human 
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ilnerability  by  typhoid  and  pneainonia.  Galtivation  of  whatever 
srms  there  may  be  in  stinking  air  from  old  drains,  middens,  patrid 
nk  water,  etc,  and  identification  of  disease  germs  if  possible. 

DIPHTHERIA. 

Examination  of  air  for  detection  of  the  diphtheria  bacillus  over 
olhited  surfaces  of  sandy  soi],  over  ash  heaps,  decaying  vegetable  and 
Dimal  matter,  and  above  drain  ontlets.  Relation  of  the  bacillus  to 
tanospheric  conditions  where  it  grows  on  soil,  organic  matter,  dirty 
oors,  or  walls,  etc.;  how  far  it  is  aerobic;  how  far  it  may  pass  through 
ir  in  different  conditions,  and  how  much  it  loses  virulence  in  dry  air, 
1  moist  air,  and  in  confined  and  open  spaces.  Effect  of  exposure  or 
leration  in  causing  it  to  form  spores,  if  any.  Effect  of  sunshine  on 
he  bacilli,  with  and  withoat  air;  the  diphtheritic  poison  is  rapidly 
weakened  by  air  with  sunshine,  but  only  slowly  by  sunshine  alone. 
Sffect  of  coating  a  cultivation  of  diphtheria  bacilli  with  a  very  thin 
Um  of  oil  or  viscous  disinfectant,  so  as  to  prevent  growth  and  passage 
nto  the  air.  The  favorable  temperature,  a  rather  low  one,  the  exclu- 
sion from  light  and  air,  and  the  presence  of  certain  other  organisms 
fiiniish  nseful  points  of  departure  for  an  investigation  of  climatic  and 
Local  conditions  of  prevalence  of  diphtheria. 

8GABLET    FEVER,    MEASLES,    WHOOPINa    GOUOH,    INFLUENZA,    AND 

SMALLPOX. 

Distance  through  which  each  of  these  diseases  has  been  known  to 
pass  in  air  in  various  conditions.  Experiments  especially  with  respect 
to  vaccine  in  relation  to  the  conveyance  of  smallpox  through  long  dis- 
tances of  outer  air.  Accumulation  of  experience  and  new  observations 
on  the  virulence  of  the  lymph  in  dry  and  humid  air,  and  a  comparison 
^th  the  virulence  of  pathogenic  bacilli  of  different  kinds  exposed  to 
like  surroundings.  Dependence  of  most  of  these  diseases  on  air  in 
confined  and  ill-ventilated  spaces  for  effective  spread.  How  far  can 
ventilation,  and  how  far  can  diffusion  of  ozone,  disinfectants,  and  van- 
OQs  aromatic  substances  and  vapors  counteract  the  infectivity  of  the 
germs? 

BTFEOTIOUS,    CONTAGIOUS,    EPIDEMIC,    AND    ENDEMIC    DISEASES    IN 

GENERAL. 

A  fun  investigation  into  the  comparative  health  of  persons  living  in 
lirly  isolated  places,  such  as  islands  or  institutions  having  little  com- 
mnication  with  populous  places,  would  lead  to  useftil  results.  The 
M^sions  of  any  outbreak  of  disease  could  probably  be  accounted  for 
id  the  medium  of  conveyance  identified.  The  degree  of  human  sus- 
ptibility  to  various  infections  could  be  much  better  made  out  than  in 
dinary  situations.  Moreover,  those  diseases,  such  as  bronchitis,  rheu- 
atism,  and  cancer,  which  do  not  seem  to  depend  for  the  most  part  on 
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infection,  but  on  constitutional  or  atmospheric  conditions,  conld  bel)et- 
ter  accounted  for,  the  possible  causes  being  few.  The  immanity  of 
children  living  in  several  large  and  very  well-managed  institutions  from 
the  ordinary  diseases  of  children  is  instructive,  and,  on  the  other  hand, 
the  frequent  prevalence  of  ophthalmia  in  pauper  schools  indicates  an 
effect  of  bad  ventilation  upon  crowded  children  of  poor  vitality.  A 
great  sanitary  authority  demonstrated  the  enormous  fall  of  mortalitj 
following  ventilation  of  crowded  places,  and  another  fall  following  reg- 
ular daily  head-to-foot  ablution  and  insistence  on  clean  clothing. 

A  comparison  of  different  atmospheric  or  climatic  influences  npon 
similar  branches  of  the  same  race,  through  long  and  short  periods. 
Thus  the  effect  of  moving  northward  to  a  colder  region  upon  a  hranch 
of  a  race  still  established  in  low  northern  latitudes,  and  the  effect  of 
living  at  a  greater  altitude  in  several  different  parts  of  the  world  might 
be  traced,  and  the  particular  elements  in  climate  which  produce  a  change 
in  race  characteristic  might  be  to  some  extent  ascertained.  The  effect 
of  the  same  climate  upon  a  number  of  immigrants  from  different 
climates;  regard  to  be  paid  to  direct  atmospheric  action  on  the  consti- 
tntion  and  to  indirect  action  through  induced  change  of  habits. 

An  inquiry  into  the  most  suitable  food  for  full  health  and  mental 
efficiency  in  various  climates,  and  the  relation  generally  of  amoantand 
kind  of  food  to  climate.  How  far  simple,  unvarying  food  and  temper- 
ate and  active  habits  and  how  far  a  bracing  air  contribute  to  the  vigor 
of  mountain  people. 

The  effect  of  sea  and  mountain  air  on  the  majority  of  civilized  people 
and  brain  workers;  the  effect  of  pure  country  air  on  dwellers  in  large 
towns;  of  habitually  breathed  fresh  air  on  bodily  and  mental  health; 
and  the  possibility  of  greatly  increasing  the  alertness  and  work  power 
of  a  nation  by  better  provision  for  fresh  air  in  schools,  offices,  factories, 
workshops,  and  dwelling  houses.  The  effect  of  good  and  bad  aii 
respectively  upon  tendency  to  alcoholic  intemperance.  A  comparison 
of  well  ventilated  with  badly  ventilated  schools,  and  of  schools  before 
and  after  good  ventilation,  both  as  regai'ds  specific  maladies  and  as 
regards  mental  brightness  and  progress. 

The  degeneration  of  the  natives  of  temperate  climates  when  settled 
in  tropical  countries,  and  the  grounds  for  a  belief  that  gradual  migra- 
tion in  the  course  of  generations  from  cold  to  warm  countries  may 
enable  them  to  continue  and  flourish.  The  relative  capacity  of  families 
from  Great  Britain,  from  Australia,  from  the  fTorthern  and  from  the 
Southern  States  of  America,  and  from  the  West  Indies  of  enduring 
tropical  climates,  such  as  those  of  India  and  Central  Africa.  The 
degree  of  toleration  of  hill  climates  in  the  tropics  by  Europeans,  and 
the  endurance  of  families. 

How  far  the  diseases  of  the  bowels,  liver,  etc.,  which  attack  settlers 
from  cold  climates  in  the  tropics,  and  how  far  diseases  of  the  lungs, 
which  attack  settlers  from  the  tropics  in  cold  climates,  are  due  to 
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microorgamc  infection  and  the  slow  or  quick  poisoning  resulting  there- 
from, or  simply  to  hot  and  cold  air,  respectively. 

The  diseases  resulting  from  chill,  both  in  hot  and  cold  climates,  and 
i^he  means  of  guarding  against  it. 

The  effect  of  climate,  both  direct  and  indirect,  upon  the  tendency 
to  nervous  diseases  and  mental  diseases,  and  upon  the  tendency  to 
suicide. 

The  influence  of  climate,  direct  and  indirect,  upon  national  character. 

The  effect  on  health  of  clear,  dry,  intensely  cold  calm  weather,  such  as 

prevails  in  high  latitudes  and  on  high  mountains,  and  the  effect  of  dry, 

bot  climates  as  distinct  from  moist.    Both  hot  and  cold  dry  climates 

seem  to  be  healthy  and  tolerable.    Separation  of  the  malarious  disease 

effects  of  hot,  moist  climates  from  the  mere  effects  of  heat  and  moisture 

of  the  air. 

An  investigation  of  the  causes  of  the  healthiness  of  cold,  wet  sum- 
mers in  western  Europe,  and  of  the  means  by  which  some  of  their 
beneficial  results  may  be  artificially  imitated. 

A  comparison  of  the  healthiness  of  the  different  seasons  in  the  same 
and  different  portions  of  the  United  States,  and  of  the  relation  of 
zymotic  and  other  diseases  to  the  condition  of  the  air,  and  to  the  tem- 
perature of  the  soil  and  of  the  ground  air.  The  variety  of  climate  and 
extent  of  surface  of  Korth  America,  and  the  great  system  of  the  Signal 
Service  make  that  country  peculiarly  adapted  for  such  an  inquiry. 

The  reasons  of  the  arrest  of  certain  spreading  diseases,  such  as  yellow 
fever  and  dengue,  by  lower  temperature. 

The  climates  and  qualities  of  air  most  beneficial  to  persons  suffering 
from  nervous  diseases,  nervous  irritability,  and  heart  disease.  An 
attempt  at  a  classification  of  climates  most  suitable,  in  most  cases, 
for  each  kind  of  malady  or  ailment,  separating  as  far  as  possible  the 
pnrely  climatic  from  the  human  factors,  such  as  accommodation,  food, 
etc  The  elaboration  of  a  complete  medical  climatology,  applicable  not 
only  to  i)er8ons,  robust  or  invalid,  but  to  families  and  races,  with  regard 
to  temporary  or  permanent  settlement. 

An  examination  of  the  conditions  under  which,  in  the  crowded  quar- 
ters of  large  towns,  population  deteriorates,  so  as  to  become  in  a  short 
time,  if  not  recruited  from  the  country,  physically  and  mentally 
enfeebled,  and  in  a  few  generations  almost  extinct.  The  part  played 
by  the  continual  breathing  of  bad  air,  and  by  the  crippling  produced  by 
attacks  of  various  maladies  most  rife  in  crowded  places  and  bad  air. 

Contrasted  with  country  air,  town  air  contains  an  excess  of  carbon 
dioxide,  less  oxygen,  no  ozone,  many  gaseous  and  solid  impurities  and 
vapors  and  an  immensely  greater  number  of  motes  of  the  finest  dust. 
The  air  is  also  heated  by  pavements,  etc.,  so  as  to  become  less  bracing. 
The  parts  played  by  these  various  factors  in  diminishing  vigor  might 
be  to  some  degree  allocated. 

The  effects,  direct  or  indirect,  of  daily  or  constant  breathing  of  viti 
ated  air  on  the  mental  powers,  the  will,  self-control,  and  temperance. 


334     ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH. 

The  effects  of  vitiated  air  on  the  mothers  of  families,  their  ability  to 
feed  their  infants,  their  strength,  and  the  health  of  their  offspring. 

The  diseases  most  prevalent  dariug  calm  and  duriug  windy  weathez, 
respectively.  The  comparative  wholesomeness  of  similar  houses  or 
streets  in  the  most  exposed  and  most  sheltered  situations  in  towns  and 
country. 

The  normal  aeration  or  permeation  of  walls  and  building  materi^s 
by  external  air  aud  by  internal  air  with  its  impurities;  the  fitness  of 
many  porous  contaminated  substaoces  lining  dwelling  houses  for  the 
growth  of  pathogenic  organisms. 

Research  and  experiment  as  to  the  best  means  of  ventilation^  natonl 
and  mechanica],  for  various  climates. 

The  elaboration  of  a  scheme  of  aero-therapeutics,  including  experi- 
ments in  oxygenation,  etc. 

The  effect,  whether  great,  slight,  or  practically  nil,  of  the  aeration 
or  exposure  to  natural  oxygen  of  contaminated  water,  and  also  of  Tari- 
ous  pathogenic  microbes  in  rivers,  lakes,  and  ponds  or  reservoirs. 

The  cause  of  milk  turning  sour  in  '<  thundery  weather"  and  an  exam- 
ination of  air  at  such  times  with  regard  to  its  microorganic  contents, 
its  putrefactive  influence,  and  its  effect  not  only  on  milk,  but  on  ?ari- 
ous  animal  and  vegetable  infusions.  Certain  kinds  of  fungi  or  germs 
which  affect  milk  may  be  enabled  to  sarvive  in  warm,  moist  air,  when 
they  would  be  killed  by  dry  air;  in  that  case  the  "thundery  weatbef^ 
would  turn  milk  sour  simply  because  the  air  is  then  commonly  warm 
and  moist. 

Animal  flesh  and  other  provisions  do  not  putrefy  or  turn  bad  for  a 
long  time  in  dry  and  desert  air;  apparently  moisture  is  necessary  in 
the  air  for  the  conveyance  of  live  microbes  and  for  their  attack  on  the 
substance. 

Wounds  heal  very  well  and  rapidly  in  the  desert,  and  disease  is  Teiy 
rare  among  wandering  tribes;  inquiry  seems  to  be  needed  to  ascertain 
how  far  this  is  due  to  absence  of  microbic  life  in  the  air  aud  on  sub- 
stances to  which  the  air  has  access. 

If  some  diseases  and  putrefaction  and  such  changes  as  occur  in  mk 
and  organic  infusions  are  owing  to  presence  of  microorganic  life  in 
the  air,  then  those  changes  and  fermentations  should  not  occur  in  mid- 
ocean,  where  care  is  taken  that  only  air  which  has  not  been  in  contact 
with  any  part  of  the  ship,  etc.,  gains  access;  for  the  air  on  mid-ocean 
is  considered  to  be  practically  free  from  living  germs.  Experiment 
might  best  be  made  on  small  islands  or  exposed  rocks,  such  as  Bockall) 
which  may  be  assumed  to  be  sterilized. 

The  antiseptic  treatment  of  wounds  is  now  recognized  by  the  great- 
est surgeons^  to  depend  less  on  the  sterilization  of  the  air  about  wounds 
than  on  the  sterilization  of  all  objects,  including  the  hands,  instru- 
ments, bandages,  etc.;  so  that  it  seems  that  the  open  air  is  practically 

'  See  reoent  addresses  of  Sir  Joseph  Lister  and  otheia. 
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irmless  to  wounds,  except,  no  doubt,  in  certain  unhealthy  situations 
id  near  the  ground.  This  conviction  agrees  well  with  the  realization 
Y  physiologists  and  by  public  health  departments  of  the  general  rule 
lat  epidemics  exist  through  the  action  of  man  and  not  of  the  atmos- 
bere.  ^<It  is  in  the  power  of  man,"  in  Pasteur's  opinion,  <Ho  cause 
le  parasitic  maladies  to  disappear  from  the  face  of  the  globe  if,  as  I 
11  eonviuced,  the  doctrine  of  spontaneous  generation  is  a  chimera." 
The  effect  (1)  of  temperature  and  (2)  of  moisture  in  promoting  the 
rowth  of  varioQS  kinds  of  mold,  fungi,  saccharomycetes,  and  plant 
arasites.  Ordinary  mold  seems  to  grow  well  at  a  low  temperature,  it 
tie  moisture  be  sufficient. 

The  influence  of  dry  air  in  weakening  various  kinds  of  microbes  or 
ungi  in  relation  to  plant  and  animal  diseases.  Their  growth  on  various 
omites  in  relation  to  qualities  of  the  air  and  to  light. 

The  relation  of  weather  to  diseases,  not  only  to  those  apparently 
caused  by  microorganisms,  but  to  a  variety  of  other  maladies.  A  cer- 
:3in  climate  or  a  certain  kind  of  weather  may  give  rise  to  an  excess  or 
maximum  of  a  spreading  disease  by  direct  influence  on  the  outside 
growth  of  a  microbe,  or  by  helping  to  spread  the  spores  or  germs,  or  by 
Increasing  the  supply  of  some  pabulum,  or  by  effects  on  wells  and  water 
supply,  or  by  affecting  the  human  constitution  so  as  to  lay  it  open  to 
skttack,  or  by  producing  effects  on  human  conduct  which  favor  the 
spread  of  the  disease.  The  contributory  factors  may  be  many,  remote, 
or  concealed,  but  such  thorough  investigation  as  is  possible  could 
liardly  fail  to  give  valuable  results. 

There  is  generally  a  main  cause  in  each  disease  by  attacking  which 
nncb  progress  is  made.  The  soil  temperature  in  diarrhea  and  cholera, 
tihe  dried  sputum  in  consumption,  the  close  air  in  typhus,  have  already 
iMen  thus  marked  out. 

The  lesions,  or  quasi-lesions,by  cold  and  chill,  are  exceedingly  effect- 
ive in  disarming  the  resistent  powers  of  the  body,  so  as  to  give  oppor- 
tanity  to  such  diseases  as  bronchitis,  pneumonia,  liver  and  kidney 
diseases,  dysentery,  malaria,  and  many  others.    The  manner  in  which 
l^cbtbing  and  otherwise  these  consequences  of  atmospheric  variations 
may  be  guarded  against  might  well  form  a  subject  for  research.    The 
At^  of  cooling  of  vessels  at  the  blood  temperature  surrounded   by 
various  fabrics  would  give  useful  information.    Some  experiments  of 
Hr.  Garrod^  showed  that  in  a  room  at  about  the  average  annual  tem- 
peratare  of  the  exterior  air,  when  clothes  are  removed  from  the  human 
Iwdy,  the  temperature  very  quickly  rises  in  the  axilla  to  a  point  2° 
bigber  than  before.    The  blood  vessels  are  of  course  congested,  and 
<^Ms,  etc,  are  then  easily  caught.    The  rise  does  not  take  place  when 
the  temx)eratnre  of  the  room  is  above  70^  F.,  and  increases  as  the 
temperature  of  the  air  is  less. 

» Proc.  Roy.  Soc,  1809,  No.  113. 
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A  temperatare  between  30^  and  42^  seems  to  be  very  faTorable 
to  chills,  etc.,  possibly  owing  to  the  humidity  and  conductiTity  of  the 
air  being  greater  than  at  lower  temperatures,  to  the  absence  of  the 
sharp,  bracing  action  of  frost,  and  to  the  greater  number  and  vitality 
of  microbes  in  the  air  than  at  lower  temperatures.  Dry,  cold  winds 
may  have  a  chilling  effect  equal  to  a  calm,  damp  air  of  the  same  tem- 
perature. 

With  regard  to  all  these  matters  of  air  and  health,  or  season  and 
health,  a  great  deal  might  be  done  for  the  prevention  of  disease  by  the 
public  issue  of  forecasts,  or  monitions,  at  appropriate  times,  showing 
the  character  of  the  maladies  common  at  the  season,  or  to  be  expected, 
and  giving  some  plain  directions.  If  this  were  done  weekly,  it  is  prob> 
able  that  the  number  of  lives  saved  would  be  larger  than  those  saved 
by  the  weather  forecasts  for  coast  purposes. 

EXPLORATION  OF  THE  ATMOSPHERE  IN  CONNECTION  WITH  WBATHEB 
FORECASTS  AND  A  MORE  EXACT  KNOWLEDGE  OF  ATMOSPHSJUO 
CONDITIONS. 

Captive  balloons  regularly  used,  weather  permitting,  at  a  number  of 
well-distributed  stations,  would  give  valuable  information  in  addition 
to  the  ordinary  items  furnished  for  the  purposes  of  governmental  fore- 
casting. Mountain  observatories  have  already  been  long  enough 
established  to  give  results  which  show  a  different  distribution  of  tern- 
I)erature  and  pressure  before  different  types  of  weather.  But  ballooos 
might  be  fitted  with  instruments  which  would  show  the  pressure  and 
temperature  at  several  heights  in  succession  during  ascent  and  descent, 
and  this  information  would  very  probably  be  important  in  forecasts, if 
the  height  attained  were  sufficient.  Balloon  ascents  have  shown  the 
atmosphere  to  be  frequently  arranged  in  blocks  or  masses  of  aii  of 
very  different  temperatures  within  a  short  distance  of  each  other,  and 
occasionally  in  an  inverse  order  to  that  which  might  be  expected  from 
the  law  of  diminution  with  height.  Thus,  on  July  17, 1862,  the  ther- 
mometer on  the  earth  was  59;  at  10,000  feet,  26;  at  15,000  feet,  31;  at 
19,500  feet,  42;  but  on  descent  a  little  below  this  height,  the  tem|)era- 
ture  fell  with  extraordinary  rapidity  to  16.  Strata  much  below  the 
freezing  point  may  have  a  few  hundred  or  thousand  feet  above  them, 
currents  of  air  at  40  or  42.  The  variations  are  often  very  large  and 
rapid.  The  greater  the  height,  within  the  limits  of  the  cirrus  cloud 
at  least,  the  greater  apparently  are  the  differences  between  adjacent 
strata  or  masses  of  air.  Irregularity  of  temperature  and  humidity  die- 
tribntion  must  have  a  considerable  influence  on  the  consequent  weathcfj 
and  a  series  of  balloon  observations  for  a  term  of  years  at  a  good  nam- 
ber  of  stations  would  probably  be  of  very  considerable  service  both 
for  theoretical  and  practical  purposes. 

Free  balloons  for  exploration,  such  as  have  given  good  results  in 
France,  might  be  contrived  to  ascend  to  some  desired  height|  and  then 
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ftpidly  to  descend,  so  as  to  be  again  available.  The  hydrogen  balloon 
light,  for  instance,  carry  a  small  vessel  containing  a  substance  which 
'onld  combine  with  the  oxygen  and  with  the  vapor  of  the  air  at  an 
pproximately  known  and  arranged  rate;  the  increased  weight  of  the 
ontentd  would  reverse  the  ascent  at  a  roughly  calculated  height,  and, 
xcept  with  strong  winds,  the  balloon  would  descend  at  no  great  dis- 
ance.  In  calm  weather  its  motion  could  be  watched  with  a  telescope 
md  its  approximate  height  noted.  Intelligent  persons  in  towns  and 
rHlages  should  previously  be  instructed  to  secure  the  descended  bal- 
oon  and  to  take  readings.  Schoolmasters  in  France  have  received 
(uch  instructions. 

It  is  probable  that  the  condition  of  air  immediately  preceding  torna- 
does, cyclones,  and  blizzards,  and  thunderstorms  or  heavy  rains  would 
Brequently  be  of  sufficiently  remarkable  character  to  give  grotind  for 
^€neralizations  from  balloon  records  by  which  the  advent  of  these 
phenomena  could  be  foretold. 

BLECTBIOITT,  CLOUDS,  AND  BAIN. 

The  connection  of  electricity  with  the  formation  of  rain,  snow,  and 
liail  requires  much  fuller  investigation  than  it  has  yet  received,  and 
research  in  this  field  is  sure  to  yield  interesting  results.    The  upper  air 
is  positive,  the  lower  often  negative,  and  the  almost  invariable  neces- 
sity for  two  or  more  layers  of  clouds  for  the  production  of  anything 
more  than  misty  rain  over  level  ground  seems  to  point  to  an  almost 
invariable  coexistence  of  oppositely  electrified  clouds  in  the  formation 
of  heavy  rain.    Heavy  showers  and  snowstorms  always  show  a  large 
•icvelopment  of  free  electricity,  but  of  course  this  may  be  merely  a  con- 
Mtquence  of  the  agglomeration  of  the  drops,  and  in  no  important  degree 
a  came  of  the  x)recipitation.    In  the  heavy  clouds  of  showers  there 
seem  to  be  generally  several  zones  or  areas  of  opposite  electricities. 
The  observations  on  Pikes  Peak  show  the  large  development  of  free 
electricity  in  the  rain,  and  hail,  and  snow  formed  at  great  altitudes. 
Howard  deduced  from  Reed's  observations  that  snow  and  hail  unmixed 
▼ith  rain  are  positive  almost  without  exception.    Probably  if  the  snow 
and  ]iail  could  have  been  intercepted  in  the  upper  air,  it  might  have 
been  said  "without  exception."    On  one  occasion,  when  *^a  most  awful 
diirkness  filled  the  atmosphere"  and  some  rain  fell  mixed  with  hail,  the 
positive  charge  became  "as  strong  as  it  could  possibly  be."^ 

Experiment  on  the  electricity  of  clouds,  showers,  etc.,  does  not  seem 
to  have  been  continued  in  recent  years,  though  much  might  be  learned 
from  it  in  connection  with  the  other  conditions  of  weather.  On  the 
other  hand,  laboratory  experiment  on  the  electrification  of  steam,  of 
smoke,  and  of  small  drops  has  led  to  most  interesting  results.  An 
electrified  rod,  at  a  few  thousand  volts,  with  brush  discharge,  in  a 

*  Phil.  Trans.,  Vols.  XXXI,  XXXII. 
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vessel  filled  with  smoke,  widened  the  <<dast-free  coat"  eDormoady,ud 
the  whole  box  was  cleared  of  smoke.  A  discharge  from  a  Yobs  « 
Wimshurst  machine  through  smoke  canses  a  very  rapid  aggregation  ii 
masses  or  flakes  along  the  lines  of  force,  and  the  soot  is  left  on  thi 
sides  and  floor  of  the  vessel.  The  most  effect  is  produced  when  the  air 
itself  is  electrified,  but  a  knob  acts  less  qnickly  than  a  point. 

A  piece  of  rabbed  sealing  wax  held  about  a  >ard  distant  trom  a  M 
ing  water  jet  broken  into  small  drops  causes  the  drops  at  once  to 
cease  to  scatter,  and  unites  them  into  large  drops  as  of  a  thnnder 
shower.  A  cloud  of  steam  turns  into  '^Scotch  mist;"  a  spherule  of 
water  amalgamates  with  a  large  mass  at  the  first  opportunity;  if  tben 
be  the  slightest  difiereuce  in  size  or  in  electrification,  the  repolsioDii 
exchanged  for  attraction  before  actual  contact.  The  opi)osed  snrfaoei 
come  into  collision  with  considerable  violence,  even  when  the  relatiTe  * 
motion  of  the  ceoters  of  the  masses  is  small.  Surface  tension  is  oFer-  ^ 
come,  and  thus  violence  of  contact  promotes  the  coalescence  of  drop& 

The  whole  subject  is  of  deep  interest,  not  only  in  connection  with  tiie 
causes  of  rain  and  conditions  of  cloud  formation,  but  with  the  phjsiea 
of  the  atmosphere  generally. 

OVEBOOOLING,  BTO. 

Other  matters  deserving  fuller  investigation  than  they  have  yet 
received,  although  they  have  been  the  subject  of  valuable  memoirs  by 
Dufour,  Yon  Bezold,  and  others,  are  the  cax)ability  of  vapor  existing  io 
the  atmosphere  beyond  the  normal  degree  of  saturation,  "overcooliBg* 
as  it  has  been  t'Crmed;  and,  secondly,  the  degree  of  temperature  aod 
other  conditions  in  which  small  drops  of  water  and  cloud  globules  cu 
exist  unfrozen.  These  questions  are  of  great  interest  both  meteorolog- 
ically and  in  relation  to  physics  in  general. 

With  regard  to  the  supersaturation  of  air,  this  has  been  proved  to  be 
possible  in  the  laboratory  to  a  remarkable  degree  when  dust  is  absent, 
but  has  not  yet  been  proved  in  the  atmosphere.    It  seems  highly  prob- 
able that  occasionally,  especially  in  very  moist  air,  when  much  rain 
and  cloud  has  been  long  continued,  or  in  the  intervals  between  thunder 
clouds  at  a  great  height,  there  may  be  spaces  of  the  atmosphere  in 
which  dust  is  so  rare  and  moisture  so  large  that  the  ordinary  point  of 
saturation  may  be  passed.    The  accumulation  upon  drops  or  snowflakes 
passing  through  such  a  space  would  be  heavy. 

The  latent  heat  of  condensation  from  vaiK>r  upon  cold  drops  of  ice 
has  been  supposed,  owing  to  its  very  considerable  amount,  to  make  the 
growth  of  such  drops  or  hailstones  to  a  large  size  by  deposition  from 
vapor  impossible.  But  rapid  passage  through  cold  air  may  be  found  to 
dispose  very  quickly  of  the  heat  thus  set  firee.  Experiment  is  needed 
on  this  point. 

With  regard  to  the  liquidity  of  droplets  below  the  freezing  point,  the 
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kct  la  folly  proved,  and  cloads  and  fogs  often  seem  to  be  still  liquid  at 
2^  to  20O  F.  below  the  ordinary  freezing  temperature  of  large  drops. 
•at  the  degree  of  cooling  which  may  be  borne  without  freezing,  and  its 
ependence  upon  the  size  of  the  globules  in  the  free  air,  has  yet  to  be 
etermined.  Observation  of  the  sun  and  moon  and  the  dif&actiou 
Sects  in  clouds  at  ascertained  heights  would  be  the  best  available 
leans,  short  of  direct  observation  at  great  heights,  of  fixing  the  rela- 
ion  of  size  to  congelation  at  various  temperatures. 

DI8TBIBUTION  OF  VAPOB  OLOUDS. 

Brperiments  with  kites  and  with  electrometers  have  shown  that 
tiaQsparent  vapor  is  grouped  in  masses  through  the  air  like  visible 
douds,  but  less  continuous,  and  astronomical  observations  seemed  to 
show  a  distribution  of  the  atmosphere  not  only  into  horizontal  strata, 
but  into  vertically  extended  compartments  differing  greatly  from  each 
ether.    Brief  perturbations  of  polarization,  occurring  at  any  hour  of  the 
day,  have  been  ascribed  to  '<  clouds  "  of  cirrus,  etc.,  too  faint  to  be  seen. 
Itecent  experiments  in  the  foehn  and  in  other  hill  and  valley  winds  have 
shown  considerable  differences  of  temperature  at  intervals  of  a  few 
minates.    Delicate  and  sensitive  thermometers,  hygrometers,  and  elec- 
trometers might  well  be  used  for  the  further  discovery  of  the  varying 
states  and  divisions  of  the  air  in  respect  of  temperature,  humidity,  and 
electric  state  and  of  the  causes  of  differences. 

There  is  much  reason  to  assume  that  the  atmosphere  is  divided,  like 
the  sea,  into  many  large  and  small  masses  of  unequal  temperature. 
The  great  reluctance  of  waters  of  different  temperatures  to  mingle,  as 
seen  in  the  neighborhood  of  Newfoundland  and  of  the  Gulf  Stream, 
also  at  the  head  of  the  Lake  of  Geneva  where  the  Ehone  enters,  and 
at  the  junction  of  the  Bhone  and  Arve  below  Geneva,  has  its  counter- 
part in  the  atmosphere.  It  is  curious  to  see  a  large  body  of  water  like 
ihe  Bhone  plunge  down  toward  the  bottom  of  the  lake,  leaving  only 
ioating  substances  on  the  surface. 

The  present  author  believes  that  since  particles  of  water  in  the  air  a 
ittle  smaller  than  those  of  fine  blue  haze  woald  be  quite  invisible, 
rwiDg  to  their  inability  to  reflect  light,  like  a  soap  film  a  millionth 
f  an  inch  thick,  which  is  quite  invisible,  there  must  be  a  quantity  of 
rater  in  moist,  transparent  air  which  is  competent  to  arrest  heat  waves 
J  absorption,  and  is  not  in  the  state  of  vapor.  He  believes  that  a 
heoretical  and  experimental  investigation  of  the  various  conditions  of 
apor  and  water  in  the  air  would  lead  to  interesting  and  important 
esolts.  The  effect  of  a  thin  veil  of  cirrus,  and  of  a  slight,  equally  dis- 
ributed  bace  upon  the  intensity  of  solar  radiation  has  been  recently 
nvestigated  at  Oatania  and  Oasa  del  Bosco  (4,725  feet  above  the  sea). 
%e  drms  was  found  capable  of  intercepting  30  per  cent  of  the  radiant 
olar  energy.    The  haze  intercepted  23  per  cent  when  the  sun  was  10 
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degrees  above  the  horizon,  aod  only  4  per  cent  when  the  sun  was  at  an 
altitade  of  60  degrees.  When  the  sky  was  light  blue  and  cloudless  tlie 
absorption  was  greater  than  when  it  was  deep  blue.^  Of  course,  tbe;$e 
experiments  refer  to  the  whole  thermal  solar  energy,  and  there  is  U 
present  no  record  of  the  varying  amounts  of  absorption  of  dark  heat 
only,  or  of  the  varying  loss  by  radiation  from  an  object  on  the  suriaee 
of  the  earth  in  different  conditions  of  the  unclouded  sky. 

SOUND  IN  AIR. 

Experiment  has  still  to  determine  the  rate  of  propagation  of  sound 
in  air  at  difierent  temperatures  in  average  atmospheric  conditions  at 
those  temperatures  in  different  countries;  the  rate  of  propagation  tor 
intense  compared  with  feeble  sounds;  the  rate  for  notes  of  widely  dif- 
ferent pitch,  and  what  sounds  may  be  most  effective  at  long  distances 
to  the  ear  and  to  recording  instruments.  It  is  conceivable  that  instni- 
ments  may  be  constructed  which  would  enable  messages  to  be  sent  by 
the  voice  or  otherwise  through  long  distances  of  air.  Converging 
lenses  of  gas  have  been  constructed  for  focusing  sounds,  and  similar 
ones  might  perhaps  be  utilized  if  made  on  a  large  scale. 

The  homogeneity  and  discrepancy  or  heterogeneity  of  the  atmos- 
phere have  been  ascertained  to  be  very  important  in  the  transmission 
and  arrest  of  sound  waves;  it  seems  frequently  to  be  imiwssible,  with 
our  present  knowledge,  to  distinguish  a  good  from  a  bad  heariogday. 
The  air  is  often  divided,  apparently,  into  laminae  or  divisions  of  differ- 
ent density,  humidity,  etc.,  which  stops  waves  of  sound  and  may  even 
reflect  them  loudly,  though  transparent.  All  these  points  deserre 
further  elucidation,  and  are  of  consequence  for  maritime  and  military 
and  naval  purposes.  They  may  also  serve,  with  other  x)rognostics,  for 
the  forecast  of  weather.  The  echoing  power  of  clouds  of  diflFerent 
kinds  is  not  well  made  out.  The  practicability  of  production  of  soands 
in  a  dense  medium,  such  as  air  under  pressure  or  in  carbonic  acid  gas, 
in  order  to  increase  its  intensity,  is  worth  investigation. 

POSITION    OF    THE    PLANETS,   SUN   SPOTS,  AURORA,   WEATHER,  AXD 

CROPS. 

Investigation  of  the  reality  of  connection  between  the  position  of  the 
planets,  the  number  and  extent  of  solar  spots  and  prominences,  terres- 
trial magnetic  disturbances  and  aurorae,  cycles  of  weather,  and  agri- 
cultural crops. 

AEROLITES. 

The  number  of  aerolites,  or  shooting  stars,  which  enter  the  atmos- 
phere daily;  their  size,  weight,  and  any  effect  they  may  have  on  the 
upper  atmosphere.  The  possibility  of  any  general  sky  illumination  by 
the  passage  of  small  particles,  compared  to  fine  dust. 

*Rendiconti  del  Keale  Itistituto,  LombardOj  1894. 


ATMOSPHERE  m  RELATION  TO  HUMAN  LIFE  AND  HEALTH.   341 


LIMITS  OP  THE  ATMOSPHERE. 

The  theoretical  limits  of  the  atmosphere;  whether  any  portions  are 
t>€iog  oontinaally  lost  into  space,  and  gained  from  space. 

ABSORPTION  OF  THE  SPECTRUM. 

The  absorption  and  reflection  of  various  portions  of  the  spectrum  of 
t^he  atmosphere,  by  air  and  by  vapors,  at  diflferent  heights.  The  con- 
nection of  radiation  and  absorption  with  states  of  weather  and 
approaching  changes;  diathermancy  and  translucency  in  connection 
^rith  forecasting.  Absorption  of  several  portions  of  the  visible  and 
uvisible  spectrnm  in  different  states  of  the  air. 

COMBINED  FORECASTINa. 

An  inqniry  into  and  formulation  of  a  plan  for  a  combined  system  of 
^vreather  forecasting.    In  addition  to  the  present  schemes  and  practice 
of  weather  forecast  as  used  in  Europe  and  America,  it  would  seem 
<3e3irable  to  employ  observation  of  local  instruments  and  ])henomeDa. 
Iraiued  observers  are  often  able  to  make  a  more  correct  forecast  for 
their  district  from  the  appearance  of  the  sky,  etc.,  than  they  receive 
from  a  central  office.    The  training  of  observers  is  a  necessary  prelimi- 
nary to  a  much  more  extended  system  of  observation.    The  present 
^writer  has  proved  that  a  great  deal  of  use  may  be  made  of  a  number 
of  different  signs  taken  in  combination.    Thus  the  character  of  a  haze, 
the  superposition  of  currents,  the  exact  character  and  appearance  of 
doads  and  their  edges,  the  length  of  trail  of  steam  from  a  locomotive, 
the  color  of  the  sky  and  sun,  and  of  morning  and  evening  clouds,  the 
nidiation  from  an  exposed  thermometer,  and  the  size  and  manner  of  fall 
of  raindrops,  often  give  a  fair  prediction  of  coming  weather.    These 
should  be  used  in  combination  with  the  reports  of  barometric  and  other 
instrumental  readings  from  the  various  stations,  and  in  aid  of  the  estab- 
lished system  of  data  used  for  weather  forecasts.    Locally  observed 
phenomena,  many  of  them  not  at  present  recognized  as  significant, 
might,  after  a  certain  number  of  years'  observation,  have  a  definite 
Percentage  value  assigned  to  each  as  a  prognostic,  and  the  observer, 
provided  with  a  table  of  values,  might  then  add  up  the  percentages  of 
all  the  signs  observed  on  each  occasion,  and  from  the  total  obtain  a 
very  fair  estimate  of  probability  of  coming  weather  over  a  district  of 
inoderate  area.    The  following  table  is  intended  to  furnish  an  example 
of  such  a  system  of  local  combined  forecast,  with  imaginary  figures: 

Station :  HasUmere,  Surrey,  England,     Time,  9  a.  m. 

[Probability  of  rain  in  thirty-six  honra.] 

Per  cent. 

"Pper  eloadfl,  eirrns,  oirro-cuinnluB,  from  west-northwest.     Lower  clouds, 

^mnlus,  from  southwest 16 

%««ofcirro-ciimnln8,  hard 27 

*^of  cmnulus,  roanded  and  hard ^1 


342  ATMOSPHEBB  IN  BELATION  TO  HUMAN  LIFE  AND  HEALTH. 


Motion  of  eirrns,  £ui S 

Motion  of  cnmnlaSy  very  slow I 

Yertieal  height  of  enmnliiB  oompared  with  breftdth,  great II 

A  few  wares  or  dote  ripples  of  well  defined  hard  cirmB  strata  nearly  overbesd.  81 

Length  of  steam  trail,  moderate  (estimated  90  yards) 3 

Color  of  elonds  at  dawn,  pale  yellow SI 

Regular  or  irregular  distribution  of  clouds (V) 

Regularity  or  variability  of  temperature  and  humidity  in  adjacent  strata,  etc.  (t) 

[PzobAbility  of  rain  In  twenty-four  hours.] 

Visibility,  great 1» 

Audibility,  great « 

Hamidity,  differenceof  bulbs,  4  degrees 41 

Humidity  (increasing  or  diminishing),  dimin ishing 9 

High  clouds,  increasing S 

Cirrus  (straight  or  tangled),  tangled 81 

Stars  last  night,  much  twinkling 71 

Smoke,  tending  downward 0 

Total W7 

Probability,  rain. 

The  number  of  items  in  the  forecast  might  be  much  increased  with 
increasing  knowledge,  and  the  valae  of  each  sign  would  also  increaM 
with  continuous  exact  observation.  Moreover,  each  sign  should  be 
studied  not  as  a  single  item,  but  as  occurring  with  others,  and  wlien 
considered  in  relation  to  others  would  gain  much  in  value.  ThuSyTisi* 
bility  is  not  infrequent  in  fine  dry  weather,  and  also  occurs  in  roM 
weather,  before  rain.  If  observed  day  after  day  in  fine  weather,  its 
value  in  forecasting  is  evidently  much  less  than  when  occurring  in 
somewhat  unsettled  weather.  In  fact,  each  sign  has  properly  a  partic- 
ular value  in  particular  kinds  of  weather,  and  the  special  vidue  has  to 
be  ascertained.  The  length  of  time  during  which  a  certain  type  d 
weather  has  continued  is  in  some  proportion  to  the  probability  of  the 
ensuing  days  being  of  a  similar  type. 

When  the  total  of  the  various  percentages  exceeds  a  certain  fixed 
amount,  the  probability  of  bad  weather  rises  to  something  approaching 
certainty,  and  perhaps  the  probability  of  fine  weather  when  the  amoont 
is  minus  goes  a  little  further  still.  When,  in  addition,  the  probabili^ 
announced  by  the  central  office  from  wide  data  is  in  the  same  direction, 
it  becomes  justifiable  to  place  reliance  on  the  forecasts  for  agricultoral 
purposes  and  general  district  warnings.  It  will  also  eventually  be  of 
great  use  to  farmers  to  have  telegraphic  information  forwarded  to  dis- 
tricts toward  which  bad  weather  is  moving,  if  there  is  reason  to  regard 
the  change  as  more  than  local  when  first  noticed. 

On  somb  Possible  Modifioations  of  Olimatb  by  Huican 

AaENOY.l 

There  can  be  no  doubt  that  some  efifect  dpon  climate,  shown  more 
by  physiological  influences  upon  mankind  than  by  instrumental  records, 

'  Thia  section  is  derived  from  MR.  NncVUen  \n  \^V)  V^^t  not  in  any  wi^  pnbliahtd. 
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lis8  been  piodnced  by  extensive  afforesting  or  disafforesting,  snbsti- 
-tntion  of  iMtstare  for  arable  land,  drainage  of  wet  land,  and  irrigation; 
*bQt  certain  means  still  remain  untried  which,  if  undertaken  on  a  large 
acale,  woold  probably  bring  about  more  important  changes  than  any 
liitherto  accomplished,  with  the  exception,  perhaps,  of  the  drainage  of 
^de  marshy  areas  like  the  feus  of  East  Anglia,  irrigation  works  in 
Xndia,  and  changes  in  the  irrigated  area  of  the  basin  of  the  Nile. 

The  drainage  works  of  the  eastern  counties  put  an  end  to  the  once 
pre?uling  ague  of  the  low  levels,  and  the  cessation  of  irrigation  in 
parts  of  the  Nile  Valley  seems  to  have  deprived  the  plague,  which  was 
once  a  dreaded  affliction,  of  its  former  power.  The  substitution  of 
pasture  for  arable  land  tends  to  increase  the  cold  of  the  lowest  atmos< 
pheric  stratum,  and  ground  fogs  are  favored  by  the  active  radiation  of 
grassy  surfaces. 

The  influence  of  mountain  ranges,  even  of  small  elevated  tracts,  upon 
eoirounding  districts  in  a  climate  such  as  that  of  England  has  long 
1)eeD  recognized,  and  no  traveler  can  be  surprised  to  find  fewer  fine 
days  and  more  rain  in  the  hilly  country  than  on  the  plain,  but  some  of 
the  less  striking  geographical  onditions  which  tend  to  increase  or 
diminish  the  rainfall  or  cloudiness  of  neighboring  localities  have  been 
little  noted  and  appear  to  deserve  investigation.    During  a  visit  in 
September,  1889,  to  the  coast  of  Donegal  adjoining  Slieve  League,  a 
moantainous  cliff  about  1,600  feet  high,  the  summit  of  the  cliff  was 
observed  by  the  author  to  be  much  more  densely  clouded  than  the 
vicinity;  this  characteristic  is  common  to  high,  somewhat  isolated 
mountains  on  our  western  coast.    Moreover,  the  beginning  of  the 
clood  formation  took  place  at  a  distance  of  fully  a  quarter  of  a  mile  or 
half  a  mile  to  windward  of  Slieve  League,  so  that  the  modification  of 
the  wind  blowing  from  the  sea  took  place  long  before  the  strong  upward 
trend  caused  on  actually  reaching  the  cliff.    The  air  was  raised  and 
expanded,  and  its  moisture  partially  condensed  by  the  pressure  in 
advance,  due  to  the  opposing  mass,  and  not,  as  commonly  stated  in 
text-books,  by  the  cold  tops  causing  condensation.    Now,  a  similar 
effect  is  produced  by  ranges  much  lower  than  the  Donegal  coast  moun- 
tains, and  when  the  wind  is  sufficiently  charged  with  vapor  rain  would 
begin  to  fall  on  many  occasions  at  a  considerable  distance  to  wind- 
ward, and  would  always  be  greater  in  annual  amount  near  the  hills 
than  in  the  more  distant  low  country.    Such  instances  occur  in  the 
west  highlands  of  Scotland,  the  west  of  England,  and  Wales.    The 
excess  of  rainfall  begins  at  a  little  distance  to  windward  of  the  hills, 
reaches  a  maximum  a  little  to  windward  of  the  highest  altitudes,  and 
declines  again  toward  the  low  country  on  the  other  side.    The  western 
coasts  of  Britain,  Norway,  Ireland,  and  Spain  and  Portugal  all  have 
a  large  rainfall,  and,  on  the  whole,  the  number  of  days  on  which  rain 
falls  decreases  continually  from  west  to  east,  except  where  mountain 
ranges  or  hills  demand  a  fresh  tribute  of  moisture.    Thus,  in  the  west 
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of  Oreat  Britain,  among  mountaiDS,  the  average  yearly  rainfall  li 
from  45  to  150  inches,  and  in  the  west,  away  from  the  hills,  from  30  to 
45  inches,  while  in  the  eastern  coanties  it  is  only  from  20  to  28  incbei 
This  very  large  eft'ect  is  produced  by  mountains  of  moderate  eitentand 
of  average  elevation  of  2,000  to  3,000  feet.  At  Bergen,  in  Norway, 
the  fall  is  89  inches;  at  Coimbra,  in  the  Spanish  Peninsula,  118  inches; 
at  Nantes,  51  inches,  and  at  Bayoune  49  inches.  In  parts  of  Sweden 
and  Eussia  it  is  as  low  as  15  inches;  in  France  the  average  is  30  inches; 
in  the  plains  of  Germany  and  Russia  20  inches. 

But  the  most  striking  instance  of  the  rain-compelling  power  of  moon 
tains  is  afforded  by  the  Khasia  Hills,  situated  about  200  miles  north  of 
the  head  of  the  Bay  of  Bengal,  and  only  about  one-third  of  the  height 
of  the  Himalayas.  Here  the  annual  rainfall  is  said  to  be  600  inches.of 
which  500  fall  in  seven  months.  At  20  miles  farther  inland,  beyond  the 
hills,  the  annual  amount  is  reduced  to  200  inches;  at  30  miles  to  100 
inches;  and  at  Oowahatty,  in  Assam,  to  80  inches.  In  the  more  west- 
erly Himalayas,  where  the  southwest  monsoon  has  already  been  drained 
of  part  of  its  vapor  by  passing  over  a  tract  of  dry  land  and  billy  conn- 
try,  the  rainfall  is  only  120  to  140  inches.  Similar  instances  occur  is 
India,  e.  g.,  Bombay,  on  low  ground,  75  inches;  among  the  Western 
Ghauts,  at  Uttra  Mullay,  263  inches;  at Poouah,  more  inland,  24 inches. 

In  Mauritius,  at  Oluny,  in  the  vicinity  of  mountains  and  exposed  to 
the  southeast  trade  wind  blowing  from  the  sea,  the  rainfall  iu  almost 
any  month  is  from  four  to  six  times  greater  than  at  Gros  Gailloux,oD 
the  northwest  coast,  only  16  miles  distant. 

In  England  the  difference  between  hilly  and  level  districts  is  well 
observed  in  the  winter,  when  the  clouds  are  low,  and  when  precipita- 
tion is  less  due  to  ascensional  currents  than  to  vapor-laden  winds.  The 
clouds  on  rainy  days  in  winter  are  very  frequently  between  500  and 
1,000  feet  above  the  sea  level.    The  effect  of  low  hills  is  consequently 
most  marked  at  this  season.    Dartmoor,  Exmoor,  the  Ghilteru,  Cots^ 
wold,  Derbyshire,  Surrey,  and  Hampshire  hills  severally  raise  tbe 
observable  rainfall  above  that  of  the  surrounding  country.    At  the 
head  of  the  valley  of  Longdeudale,  near  Manchester,  nearly  1,000  feet 
above  the  sea  level,  the  rainfall  in  1859  was  53 J  inches;  on  tbe  west 
side,  and  just  over  the  summit  on  the  east  side,  5S^  inches.    At  Peni- 
stone,  a  few  miles  farther  east,  it  was  39  inches,  and  at  Sheffield,  still 
farther  east,  25  inches.    The  height  of  the  hills  producing  this  effect  is 
about  1,400  feet.    Similarly,  the  fall  varied  from  39.1  inches  at  Koch- 
dale  to  67  inches  at  Blackstone  Edge  (1,200  feet),  32.25  at  the  east- 
erly foot  of  the  ridge,  and  20  inches  at  York  in  1848.    In  1859  a  gauge 
on  the  westerly  side  of  Loch  Ard  gave  92  inches,  while  another  near 
Olenfinlas,  farther  east,  gave  only  48  inches.    The  instances  of  Slieve 
League,  of  Hoy,  and  of  the  South  Downs  show  that  it  is  not  only  ii¥)nn* 
tainous  masses,  but  (ilso  mere  barriers  against  the  wind  from  the  rainy 
qaurter  which  cause  precipitation.    The  air  will  be  equally  lifted  to 
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irindward  whether  the  obstacle  consist  of  a  mountain  or  of  a  galva- 
luzed  iron  screen. 

STMONS'S  BRITISH  RAINFALL. 

An  examination  of  the  means  for  fifteen  years  at  a  number  of  stations 
in  England  shows  that  such  cases  are  not  isolated.  At  Saltash,  on  the 
fioathwest  side  of  Dartmoor,  the  rainfall  was  53.87,  at  Lee  Moor  (860 
feet),  on  Dartmoor,  68.96,  and  at  Bovey  Tracey,  east  of  Dartmoor,  on 
low  grfiund,  46.08.  At  Clyst  Hydon,  the  mean  was  only  34.21;  at  Exe- 
ter, 36.61;  and  at  Exmouth,  34.74.  Similarly,  at  Tavistock  (316  feet), 
near  the  western  edge  of  Dartmoor,  the  fall  was  54.18;  while  at  Tiver- 
ton (450  feet),  at  some  distance  northeast  of  Dartmoor,  it  was  44.35. 
At  Kingsbridge,  to  the  south,  where  the  influence  of  Dartmoor  was  not 
conspicuous,  owing  to  its  position  with  regard  to  the  prevailing  winds, 
only  37.15  was  registered.  Tauntou,  protected  apparently  by  the  pre- 
cipitating influence  of  both  Dartmoor  and  Exmoor,  as  well  as  by  the 
nearer  Blackdown  Hills  to  the  southwest,  recorded  only  29.75,  against 
Tavistock's  54.18  and  Barust^iple's  41.95. 

In  Sussex  we  find  that  the  South  Downs,  mostly  600  to  700  feet  high, 
and  the  ranges  of  hills  on  the  southwest  border  of  Surrey,  have  an  appre- 
ciable effect,  though  they  do  not  exceed  800  feet,  except  at  a  very  few 
points.  Thus,  Arundel  registered  34.29;  the  rising  ground  north  of 
Chichester,  34.90 ;  Petworth,  36.19;  Midhurst,  39.65;  Fern  hurst,  32.19, 
against  28.41  at  Dunsfold,  near  Godalming,  some  miles  to  the  northeast 
of  the  hills;  26.55  at  Wey bridge,  still  farther  east,  and  26.13  at  Green- 
wich. At  Alton,  on  high  ground  (496  feet),  the  fall  was  35.58,  against 
26.73  at  Reading.  At  St.  Lawrence,  Isle  of  Wight,  and  Osborne,  the 
record  gave  only  31.20  and  29.91,  respectively,  and  the  seacoast  from  the 
fele  of  Wight  to  Dover  has  an  average  of  less  than  30  inches.  On 
the  low  ground  of  the  eastern  counties,  where  the  air  would  no  longer 
be  forced  upward  in  crossing  the  land,  the  amounts  diminish  to  24.22  at 
Boyston,  23.78  at  Peterboro,  22.81  at  Cambridge,  22.63  at  Ely,  and  21.85 
St  Shoebnryness.  But  the  low  hills  of  Norfolk  and  Lincoln  raise  the 
amount  to  28  and  29  inches. 

lu  the  Midlands  and  northern  counties  the  distribution  of  rain  is 
dmilar.  Thus,  while  at  Sedbergh,  Penistone,  and  Dunford  Bridge,  the 
»inounts  were  55.26,  56,76,  and  55.75,  stations  at  a  moderate  distance 
astward  of  the  hills  registered  as  follows:  York,  26.93;  Doncaster> 
7.33;  Leeds,  27.70;  Sheffield,  35.02;  Stoekwitli,  23.66;  Lincoln,  23.83. 
he  rainfall  of  Carlisle  is  remarkable,  only  30.07,  owing  to  its  position 
>  the  northeast  of  the  mountains  in  the  same  county,  where  the 
mounts  reach  80  and  100  inches.  In  the  neighborhood  of  Sheffield  the 
ill  varies  from  43.26  at  1,100  feet  at  Redmires  to  33.03  at  Brooinhall, 
ot  many  miles  distant.  Buxton,  at  989  feet,  has  57.14  inches,  and 
hatsworth,  about  20  miles  distant,  36.66.  Tunstall,  a  little  eastward 
f  the  mountains  of  the  North  Eiding  of  Yorkshire,  has  only  28  inches 
gainst  55.26  at  Sedbergh  on  their  western  side. 
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the  rainfall  at  Botliwell  Castle  is  only  29.98  against  115.46  at  A] 
At  Braemar,  at  the  height  of  1,114  feet,  the  rainfall  is  only  i 
owing  to  the  great  mass  of  high  mountains  toward  the  south  and ' 

In  Ireland  the  greatest  amounts  are  registered  on  the  southvMl 
west  coasts,  and  the  fall  diminishes  inland  eastward  of  the  monnt 
nntil  in  the  northeast  corner  the  average  is  only  aboat  30  ii 
against  60  to  80  in  the  west. 

Among  the  above  instances  the  most  instractive,  perhaps,  foi 
present  purpose  are  the  records  of  Midhorst,  Petworth,  and  Ann 
compared  with  those  a  little  south  and  north  of  these  stations, 
plain  that  the  action  of  the  long,  wall  like  ridge  of  the  Soath  Do 
not  exceeding  600  feet  in  average  height,  is  sufficient  to  cause  fir 
to  10  inches  excess  of  rain  in  its  immediate  neighborhood,  therai 
20  miles  westward  and  8  miles  southward,  being  only  about  five  «. 
of  that  which  occurs  in  close  proximity  to  this  ridge.  Part  of  the 
ciency  on  the  coast  must  be  attributed  to  the  frequent  exemption 
heavy  showers  which  form  over  the  land,  but  not  over  the  sea,  in 
mer.  The  present  author  has  observed  this,  especially  on  days  w 
light  westerly  or  southerly  breeze,  and  has  also  noted  the  prefei 
of  thunderstorms  for  the  low  ground  between  the  hills  and  the  d( 
The  greatest  fall  takes  place  at  Midhurst,  which  lies  about  5  1 
north  of  tlie  South  Downs,  and  at  the  foot  of  the  southern  slope 
second  ridge,  Henley  Hill,  aboat  600  feet  high,  which  stretches 
east  to  west.  Compared  with  DnnsfoM,  about  17  miles  to  the  n 
east,  the  amoant  is  in  the  proportion  of  4  to  3.  Dunsfold  is  prot 
deprived  of  a  good  deal  of  rain  by  the  mass  of  Blackdown  (900  fl 
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lereased  a  mile  or  so  southward  and  i)erhaps  a  few  miles  northward, 
at  would  be  diminished  over  the  northern  half  of  Sussex,  and  prob* 
t>ly  in  Surrey^  to  an  appreciable  degree. 

SimQarly,  a  wall  of  400  feet  in  height  between  Yes  Tor  and  Hartland 
^oint,  in  Devonshire,  would  increase  precipitation  along  a  band  par- 
Del  with  the  wall,  but  would  give  a  drier  climate  to  the  more  easterly 
ortions  of  the  county,  and  probably  also  to  Somersetshire.  In  Eng- 
ind,  not  only  does  the  greatest  quantity  of  rain  reach  us  from  the 
oufhwesterly  quarter,  but  the  clouds  are  lowest  In  the  rains  from  that 
piarter,  so  that  the  greatest  effect  of  a  barrier  is  produced  on  rains 
doming  from  south  and  southwest. 

The  method  of  construction  is  a  question  for  engineers.  Would  it 
be  possible  to  construct  a  screen  several  hundred  feet  high,  of  iron,  as 
naed  in  the  large  gasometers  which  we  see  in  the  neighborhood  of  our 
large  towns  t  Or  is  masonry  necessary  in  order  to  withstand  the  extreme 
possible  pressure  of  strong  winds  t 

The  desirability  of  forming  any  such  artificial  barrier  would,  of 
eoarse,  dei>end  on  the  calculated  probable  benefit  to  be  conferred  on 
tnj  county  or  district,  and  it  would  very  likely  be  only  in  rare  cases 
ftat  the  increased  geniality  of  climate  would  repay  the  outlay.  Pos- 
sibly it  is  only  worth  considering  in  the  case  of  very  wet  climates,  or 
of  places  where  little  rain  falls  and  more  is  needed.  In  England,  sup- 
posing for  a  moment  that  its  erection  is  desirable,  the  line  to  be  taken 
for  a  wall  must  be  such  that  there  would  be  very  little  disturbance  of 
oatival  features  of  interest  or  beauty;  in  fact,  it  should  either  be  across 
barren  moors  or  wastes,  or  else  parallel  to  the  cliffs  on  a  desolate  coast. 
The  line  above  suggested  from  Yes  Tor,  near  Okehampton,  toward 
Hartland  Point,  appears  in  all  respects  a  favorable  one  for  the  pur- 
pose, as  the  country  to  be  crossed  is  dreary  and  almost  uninhabited. 
The  wall  would  have  an  additional  advantage  of  permitting  trees  to  be 
planted  on  its  northeast  side  in  a  broad  belt,  so  as  to  make  the  begin- 
ning of  a  forest,  where  the  winds  are  now  too  severe  for  vegetation. 
Another  favorable  stretch  of  country  lies  along  the  ridge  of  the  South 
Downs  between  Swanage  and  Bridport.  A  high  barrier  here  would 
&y^  to  a  large  part  of  Dorsetshire  and  southeast  Wiltshire  a  climate 
i>ot  nnlike  that  of  Bournemouth,  which  owes  its  dryness  to  the  hilly 
promontory  of  the  Isle  of  Purbeck. 

Portsdown  Hill,  which  runs  east  and  west  for  nearly  7  miles,  and  is 
over  400  feet  high,  would  be  another  highly  favorable  ridge  for  an 
experimental  wall,  say  400  feet  in  height.  The  practicability  of  works 
of  this  kind  can  hardly  be  questioned  when  we  hear  of  structures  like 
^6  reservoir  embankment  at  Bombay,  a  stone  barrier  118  feet  thick, 
over  100  feet  high,  and  2  miles  long.  A  less  amount  of  material  would 
liave  gone  toward  a  wind  wall  30  feet  thick  at  the  base,  300  feet  high, 
^d  3  or  4  miles  long. 

A  wall  300  or  400  feet  in  height  and  5  or  6  miles  in  length,  extending 
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from  near  the  Thames  a  few  miles  east  of  London  in  a  northwest  diiec- 
tioD,  would  probably  have  the  effect  of  stopping  a  considerable  amoont 
of  fog,  which  often  moves  from  the  Essex  marshes  toward  the  metrop- 
olis. It  woald  somewhat  increase  the  annual  rainfall  on  its  westerly 
side.  A  wall  stretching  from  northwest  to  southeast  across  some  of 
the  heaths  in  the  neighborhood  of  Woking  would  reduce  the  raiufallof 
northeast  Surrey  and  of  London. 

The  eifect  of  a  wall,  like  that  of  a  perpendicular  cliff,  would  be  to 
drive  the  impinging  air  vertically  upward,  so  that  the  increased  raiD- 
fall  would  take  place  near  the  wall  and  a  little  to  leeward. 

Experimental  barriers  might  be  first  erected  across  the  months  of 
valleys  open  toward  the  west  or  southwest,  for  in  many  such  situa- 
tions a  wall  1  or  2  miles  long  and  500  or  600  feet  high  would  canse 
increased  precipitation  near  the  ocean,  and  a  considerably  drier  climate 
in  nearly  the  whole  of  the  remainder  of  the  valley.  For  example^  a 
wall  across  the  valley,  a  little  to  the  north  of  the  town  of  Neatli,  would 
reduce  the  rainiall  of  the  Vale  of  Keath  for  a  long  distance,  and  many 
of  the  Welsh  valleys  opening  westward  to  Cardigan  Bay  might  be 
equally  protected  from  excessive  winter  rains. 

With  regard  to  other  countries,  there  are  localities  where  a  structure 
a  few  miles  long  based  on  rocks  or  ridges  already  some  hundred  feet 
above  the  sea  would  prove  very  beneficial  in  reducing  rainfall  farther 
inland.  In  other  exceptional  cases,  where  precipitation  is  deficient,  it 
might  be  promot/Cd  on  the  windward  side  by  similar  means. 

In  parts  of  Australia,  local  rainfall  might  be  appreciably  increased 
by  raising  the  height  of  ridges.  Wherever  water  is  scarce  and  valu- 
able and  the  climatic  conditions  favorable,  experimental  barriers  vonid 
give  interesting  results. 

Some  American  cities  are  very  liable  to  be  attacked  and  partially 
destroyed  by  violent  tornadoes  or  whirlwinds.  These  storms  usually 
proceed  from  about  the  same  direction,  and  it  might  possibly  be  an 
experiment  worth  making  to  set  up  a  wall,  say  300  feet  high  and  2  mile* 
long,  on  the  dangerous  quarter,  with  the  object  of  breaking  their  force. 
The  clearing  of  forests  seems  to  favor  the  development  and  progress 
of  American  tornadoes  by  allowing  the  surface  of  the  earth  to  become 
more  highly  heated  and  by  reducing  friction,  for  they  are  caused 
chiefly  by  the  breaking  of  unstable  equilibrium  when  the  lowest  strata 
are  highly  heated  and  a  cold  current  prevails  within  a  lewmDes  of  the 
earth's  surface. 


THE  AIR  OF  TOWNS. 


By  Dr.  J.  B.  Cohen. 


C8e  Lectnres  were  sabmitted  by  Dr.  J.  B.  Cohen,  of  Yorkshire  Colle«xe,  Leeds, 
Dgland,  in  the  Hodgkins  Fund  prize  competition  of  the  Smithsonian  lustita- 
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Lectubb  1. — Close  Rooms. 

^erhaps  I  ought  first  to  explain  my  reason  for  selecting  for  these  four 
tares  the  subject  of  "Town  air/'  a  subject  which,  if  it  can  not  be 
iracterized  by  the  word  dry^  cei-tainly  does  not  sound  attractive, 
reasons  are  threefold — its  importance  to  health,  a  i)ersonal  interest 
ihe  subject,  and  a  desire  to  arouse  the  same  interest  in  others, 
wish  that  I  could  paintfor  you  my  ideal  city  of  Leeds — a  smokeless 
losphere  through  which  the  sun,  when  he  did  shine,  would  shine  with 
fall  brilliancy,  wide  streets  interrupted  by  open  spaces  with  green 
f,  trees,  and  tiower  beds,  and  a  little  ornamental  relief  to  the  dead 
Dotony  of  our  brick  walls. 

am  sure  you  will  all  agree  with  me  that  under  such  conditions  our 
raland  physical  well-being  as  a  community  would  be  vastly  improved, 
liere  are  two  great  wants,"  writes  Miss  Octavia  Hill,  "  in  the  life  of 
J  poor  of  our  large  towns,  which  ought  to  be  realized  more  than  they 
^— the  want  of  space  and  the  want  of  beauty." 
i'ou  may  at  once  stamp  these  views  as  Utopian.  Speaking  for  myself, 
lave  every  expectation  of  seeing  them  realized.  I  think  that  if  i)eople 
nonly  be  convinced  of  a  possibility  it  is  not  a  long  stej)  to  its  becom- 
U  reality.  I  think  I  shall  have  no  difficulty  in  convincing  you  of 
e  possibility .  Although  everyone  is  quite  aware  that  town  air  is  a 
fferent  article  from  fresh  country  air,  tt  excites  very  little  notice 
'less,  as  sometimes  happens,  we  are  brought  face  to  face  with  it  dur- 
%  foggy  weather  when  the  dirt  and  impurities  accumulate  under  a 
ick  layer  of  mist.  The  reason,  I  think,  is  to  be  found  in  the  fact  that 
f  is  invisible. 

''Seeing  is  believing'-  is  a  common  saying,  and  I  suppose  the  reverse 
tme. 

How  long  has  it  t^aken  civilized  communities  to  recognize  tlie  evil 
fects  of  bad  water!    Clear,  sparkling  water  may  contain  the  germs 

349 


350  THE   AIR   OF   TOWNS. 

of  disease,  yet  we  see  nothing  of  them.  The  death  roll  of  all  om bat- 
tlefields probably  does  not  number  so  many  victims  as  that  of  contain- 
inated  water.  What  is  the  result!  An  unlimited  quantity  of  paw 
water  is  regarded  as  the  first  essential  to  health.  We  go  far  afield  lot 
it.  Manchester,  at  a  cost  of  £3,000,000,  drinks  the  water  from  the 
rivulets  of  Cumberland.  Liverpool  pays  a  high  price  for  the  water  of 
the  Welsh  hills. 

As  regards  the  air  we  breathe,  we  stand  much  in  the  same 
as  Mohammed  to  the  mountain.    As  we  can  not  bring  pure  air  to  the 
town,  we  go  and  seek  it  in  the  country  or  by  the  sea;  that  is,  those rf 
us  who  can  aftbrd  it. 

But  there  are  many  Mohammeds  who  never  see  the  mountain.  Hot 
many  there  are  may  be  judged  from  this  fact,  that  jvccording  to  th« 
registrar- general's  report,  out  of  a  population  in  England  and  Wales 
of  29,001,018  on  April  5,  1891,  20,802,770  persons  were  urban  and 
8,198,248  were  rural,  i.  e.,  nearly  three-quarters  live  in  towns  as  against 
about  one  quarter  resident  in  the  country. 

What  is  the  effect  of  this  town  air  upon  the  urban  populationf 

Where  changes  are  occurring  which  are  imperceptibly  affecting  indi- 
viduals, and  to  the  cause  of  which  we  therefore  can  not  definitely  point, 
it  is  possible  by  coordinating  a  large  number  of  observations  to  so 
multiply  the  effect  that  we  can  arrive  at  a  very  probable  estimate  of  it 
and  lay  our  finger  on  the  cause. 

By  means  of  statistics  from  the  health  returns  of  medical  officers  f e 
can  compare  the  health  of  the  town  with  that  of  the  country.  Dr. 
Tatham,  medical  officer  for  Manchester,  in  a  life  table  compiled  for 
Manchester,  has  shown  that  •^'if  we  take  three  periods,  under  25  years 
of  age  to  represent  youth,  the  period  between  25  and  65  to  repre-   i 
sent  maturity,  and  ages  above  05  to  represent  old  age,  it  will  be  found 
that  males  in  Manchester  are  young  for  94  per  cent,  mature  for  87  ptf 
cent,  and  old  for  46  per  cent  as  long  as  in  England  and  Wales.   We 
are  almost  forced  to  the  conclusion  that  in  Manchester  men  grow  olA 
sooner  than  in  the  country  as  a  whole." 

What  may  be  said  of  Manchester  may  also  be  said  of  Leeds  anA 
other  industrial  towns.  This,  of  course,  might  be  put  down  to  th^ 
strain  and  worry  of  business  life;  but  if  we  compare  the  diseases  ftoK' 
which  people  die  in  town  apd  in  the  country,  those  who  have  examine^ 
the  medical  returns  must  have  been  struck  by  the  number  of  deaths  ifJ 
towns  from  diseases  of  the  respiratory  organs,  pneumonia,  phthisic 
etc.  My  friend  and  colleague,  Mr.  Wager,  of  the  Yorkshire  Colleger 
took  some  trouble  to  obtain  statistics  on  these  points  in  regard  t0 
Leeds,  and  found  that  the  percentage  of  deaths  from  diseases  of  tlies^ 
organs  was  considerably  greater  in  the  town  than  in  the  surroaudin^ 
districts.  As  I  prepared  this  lecture,  the  quarterly  return  from  th0 
medical  officer  for  Manchester  arrived  for  the  quarter  ending  Septem- 
ber, 1893,  and  here  I  found  that  out  of  400  deaths  between  the  ages  of 
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25  to  4o  years  by  far  the  largest  number  (122)  are  due  to  phthisis,  and 
the  next  largest  number  (38)  to  pneumonia.    This  high  percentage  of 
deaths  from  snch  diseases  is  characteristic  of  all  large  manufacturing 
centers. 

But  we  need  not  have  recourse  to  these  statistics  to  assure  ourselves 
of  the  beneficial  effects  of  fresh  air.  We  have  all  experienced  them. 
Statistics,  however,  emphasize  the  cumulative  effect  of  imperceptible 
changes — ^an  effect  which  you  will  all  admit  is  sufficiently  serious. 

There  is  such  a  thing  known  as  cumulative  x)oisoning.  White  lead,  for 
example,  taken  internally  in  minute  quantities  will  in  time  produce  the 
effect  of  a  poisonous  dose.  Bad  air  is  also  an  example  of  a  cumulative 
poison. 

According  to  Professor  Foster,  the  average  individual  inhales  2,600 

gaUons  of  air  in  twenty-four  hours,  or  about  34  pounds  by  weight,  as 

against  5^  pounds  of  food,  liquid  and  solid,  or  six  times  the  weight  of 

food.    If  we  had  to  buy  our  air  at  so  much  a  pound  or  pay  rates  on  it 

at  so  much  a  cubic  foot  or  gallon,  we  should  take  good  care  that  it  was 

not  adulterated^  for  we  distinguish  fresh  air  as  we  do  ircsh  butter  from 

the  second-rate  article.    There  is,  however,  an  important  distinction 

between  food  and  air  regarded  in  this  way.    If  the  food  we  take  is  not 

quite  as  nourishing  or  as  good  as  it  should  be,  the  digestive  process  is 

sufficiently  adaptable  to  select  the  good  and  reject  the  bad;  but  the 

lungs  are  infinitely  more  delicate  in  structure  and  function,  and  we 

can  not  with  impunity  inhale  a  vitiated  air  and  expect  our  lungs  to 

select  the  pure  and  reject  the  impure  without  permanent  injury  to  our 

breathing  apparatus  as  well  as  to  our  whole  body. 

Before  passing  to  the  subject  of  "Town  air,"  I  should  like  you  to 

grasp  and  keep  well  before  you  the  idea  that  we  are  living  at  the 

bottom  of  a  great  ocean  of  air,  that  we  are  surrounded  on  all  sides 

by  matter  invisible  because  composed  of  minute  particles  (separated  by 

spaces  which  are  big  in  comparison  with  the  particles)  but  none  the 

less  material. 

That  the  air  has  weight  was  first  demonstrated  by  Galileo  about  the 
middle  of  the  seventeenth  century.    I  will  repeat  his  experiment: 

A  glass  globe  (fig.  1),  furnished  with  a  brass  stopcock  is  evacuated 
bj  the  air  pump,  the  stopcock  closed  and  the  vessel  then  carefully  coun- 
terpoised. On  ox)ening  the  stopcock  air  rushes  in  with  a  hissing  sound, 
^nd  the  balance  now  sinks  at  the  arm  to  which  the  ^lobe  is  sus- 
pended, thus  showing  that  the  air  has  weight. 

^ow,  this  invisible  matter  or  gas  is  not  a  single  gas,  but  a  mixture  of 
gases— mainly  two. 

One  of  these  gases  is  nitrogen,  an  inert  gas,  whose  chief  properties 
a*^  negative.  It  constitutes  about  four-fifths  of  the  total  bulk  of  the 
wrand  serves  to  dilute  the  other  constituent,  oxygen,  which  is  the  active 
part  This  gas  helps  things  to  burn  and  supports  life  by  consuming 
^sste  tissue  and  keeping  up  the  animal  heat.     In  these  processes  the 
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free  oxygen  is  removed  from  the  air  by  entering  into  combination  witb 
the  substances  which  it  burns  or  consumes. 

A  piece  of  charcoal  is  attached  to  an  iron  rod,  which  passes  through 
a  metal  plate  (fig.  2).  The  charcoal  is  first  heated  until  it  begins  to 
glow,  and  is  then  brought  into  a  glass  jar  containing  oxygen.  The 
charcoal  immediately  glows  with  dazzling  whitness  by  uniting  with  the 
oxygen  to  form  carbonic  acid. 

I  shall  have  very  little  more  to  say  about  these  two  gases,  but  shall 
now  direct  your  attention  to  another  gas,  carbonic  acid,  which  is  always 
present  in  the  air,  usually  in  a  minute  quantity.  Its  presence  may  be 
most  readily  shown  by  exposing  to  the  air  some  clear  limewater  in  a 
glass  basin,  when  the  surface  is  soon  coated  with  a  white  film  of  car- 
bonate of  lime.  It  is  also  a  very  heavy  gas,  as  I  can  show  you  by  the 
following  experiments: 

In  fig.  3,  a  represents  the  vessel  containing  the  clear  lime-water, 
which  on  standing , becomes  covered  with  a  white  film  of  carbonate  of 
lime;  h  represents  the  vessel  containing  the  heavy  gas,  carbonic  acid, 
upon  which  the  soap  bubble  floats.  The  apparatus  figured  at  c  is  for 
generating  carbonic  acid.  It  consists  of  two  vessels,  which  are  con- 
nected by  glass  tubing.  The  larger  vessel  contains  marble.  By  pour- 
ing acid  down  the  funnel  a  brisk  effervescence  occurs,  carbonic  acid 
being  evolved,  which  bubbles  through  the  second  vessel  containing 
water  to  remove  impurities,  and  is  then  used  for  filling  B  with  gas. 

A  large  glass  beaker  (fig.  4)  is  suspended  at  one  arm  of  a  balance  and 
carefully  counterpoised.  By  slowly  inverting  another  beaker  contain- 
ing carbonic  acid  above  the  open  mouth  of  the  suspended  one,  the 
latter  becomes  filled  with  the  heavy  gas  and  descends. 

The  following  table  gives  the  volumes  of  the  different  gases  in  pure 
air  in  100  volumes  and  also  the  total  weight  of  these  gases  : 

Compoaition  of  the  atmoMpkere. 

Oxygon 30.61 

Nitrogen 77. 96 

Carbonic  acid 0.03 

AqneouB  vapor 1.40 

Nitric  acid i 

Ammonia 'Xracee. 

Ozone J 

Composition  of  the  atmosphere  in  tons. 

MiUions  of  tODJt. 

Oxygen 1.233,010,000 

Nitrogen 3.994,583,000 

Carbonic  acid 5,287,000 

Aqueous  vapor 54, 460, 000 

Where  does  carbonic  acid  gas  come  from  t  From  coal,  charcoal,  or 
other  fuel  when  it  burns.  (The  jar  in  which  the  charcoal  was  previ- 
ously burnt  in  oxygen  was  shaken  with  limewater,  and  by  becoming 
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Plate  II. 


1.— Apparatus  for  weighing  air. 


2.— Charcoal  in  oxy^*n. 
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3.— Demoiwtration  of  carbonic  acid  in  air. 
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'bid  indicated  the  presence  of  carbonic  acid.)  It  is  given  off  from  the 

satb,  as  the  following  experiment  will  show: 

By  tilliog  a  bell  jar  (fig.  5}  with  water  and  breathing  air  into  it  from 

slangs  an  atmosphere  is  obtained  within  the  jar  which  readily  extin- 

ishes  a  taper,  indicating  the  large  percentage  (about  5  per  cent)  of 

rbonic  acid  in  the  breath. 

Two  bottles  (fig.  6),  each  provided  with  a  double  neck,  are -so  con- 

«ted  that  air  may  be  drawn  into  the  lungs  through  the  liquid 

utained  in  A  and  expelled  through  the  liquid  in  B  without  removing 

etnbe  from  the  mouth.     If  clear  limewater  is  introduced  into  these 

■o  vessels,  that  contained  in  B  will  very  shortly  become  turbid,  indi- 

ling  the  presence  of  carbonic  acid  in  the  lungs,  whilst  A  remains  clear. 

Carbonic  acid  is  produced  by  fermentation  and  the  decay,  which  is 

lother  form  of  fermentation,  of  animal  and  vegetable  substances. 

A  solution  of  grape  sugar  is  introduced  into  a  flask  (fig.  7),  together 

itii  a  quantity  of  brewers'  yeast.    The  flask  is  provided  with  a  cork 

oough  which  a  bent  tube  passes.    The  longer  limb  dips  int6  a  test 

IMS  containing  limewater.    If  the  flask  is  allowed  to  stand  at  the 

diuary  temperature,  the  liquid  begins  to  froth  and  bubbles  of  car- 

mic  acid  rise  through  the  limewater,  turning  it  milky.    After  a  few 

mrs  a   sufficient  quantity  of  alcohol  will  be  formed  to  enable  its 

^esence  to  be  demonstrated.    On  bringing  some  of  the  liquid  into  a 

isk  fitted  with  a  long  glass  tube  and  boiling  it,  the  vapors  passing 

it  of  the  tube  will  take  fire  and  burn  with  the  blue  flame  of  burning 

cohol. 

All  the^sie  processes  go  on  at  the  expense  of  the  oxygen  of  the  air, 
hich  in  time  would  disappear.  It  has  been  estimated  that  it  would 
iquire  900,000  years  to  consume  all  the  oxygen  in  the  air  and  convert 
iinto  carbonic  acid.  Long  before  this,  however,  life  would  have  ceased 
II  the  earth,  for  a  slight  increase  in  the  amount  of  carbonic  acid  or 
imiDutiou  of  oxygen  would  render  the  atmosphere  unfit  for  respiration. 

We  are  fortunately  not  threatened  by  any  such  catastrophe.  No 
^cumulation  of  carbonic  acid  can  occur  in  the  open  air  under  natural 
onditions,  for  although  carbonic  acid  is  a  heavy  gas,  it  rapidly 
Bffoses. 

Two  flasks  (fig.  8)  are  connected  by  a  long  piece  of  narrow  tube.  In 
Bie  lower  flask  the  heavy  gas,  carbonic  acid,  is  introduced,  and  in  the 
•P|ier  one,  the  light  gas,  hydrogen.  Owing  to  the  property  of  dif- 
hsion  some  of  the  heavier  gas  will  be  found  after  a  time  to  have  passed 
into  the  upper  flask  and  the  lighter  gas  to  have  passed  downward. 

Carbonic  acid  therefore  becomes  quickly  disseminated  through  the 
^osphere.  Vegetation  now  steps  in.  The  green  coloring  matter  of 
rtants,  termed  chlorophyll,  has  the  property  in  i)resence  of  sunlight  of 
flitting  up  the  carbonic  acid,  absorbed  from  the  air  around,  into  carbon, 
fjich  it  retains  for  its  own  growth,  and  into  oxygen,  which  is  restored 

the  atmosphere.     We  need  not,  therefore,  trouble  ourselves  with  the 
SM95 23 
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accumulation  of  carbonic  acid  wherever  vegetation  is  allowed  to 
isb,  and  wliere  the  quantity  of  carbonic  acid  does  not  accamnk 
rapidly  to  be  dealt  with  by  nature  in  this  manner. 

It  is  therefore  obvious  that  overcrowding,  want  of  open  spao< 
the  absence  of  vegetation  favor  the  accumulation  of  carbonic  ac 

Overcrowding  has,  however,  been  dealt  with  by  legislatioi 
where  legislation  steps  in  we  may  be  sure  that  the  evil  is  a  re 
a  pressing  one. 

Governments  and  municipalities  have  recognized  the  importi 
open  spaces,  of  streets  of  a  certain  width,  of  open  spaces  at  the 
of  houses,  of  a  certain  number  of  cubic  feet  for  each  inmate  in  I 
houses,  hospitals,  workhouses,  prisons,  etc. 

This  will  help  to  check  the  accumulation  of  carbonic  acid 
although  people  are  content  to  live  in  crowded  and  smoke-laden 
vegetation  is  not  so  easily  persuaded  to  forego  its  natural  atmo 
and  the  smoke  question  must  be  dealt  with  before  we  can  8l 
deposition  of  soot  and  let  in  the  sunlight  to  give  the  necessary  ^ 
to  plant  life,  which  should  flourish  in  the  very  center  of  our  big 
Let  us  see  now  what  the  evil  is.  Here  is  a  table  showing  a 
acid  found  in  different  places: 

Carh&nie  acid  in  the  air.^ 

Volvm 

In  mines,  largest  amount  foand  in  Cornwall 

Average  of  339  analyses -^ 

In  theaters,  worst  parts  as  much  as 

In  workshops,  down  to 

About  middens 

During  fogs  in  Manchester 

Manchester  streets,  ordinary  weather 

Where  fields  begin ,,, 

On  the  Thames  at  London 

In  the  London  parks  and  open  places 

In  the  streets 

On  the  hills  in  Scotland,  from  1,000  to  4,406  feet  high 

At  the  bottom  of  the  same  hills 

Hills  below  1,000  feet 

Hills  between  1,000  and  2,000  feet 

Hills  between  2,000  and  3,000  feet 

Hills  above  3,000  feet 1 

The  amount  seems  very  small.  Perhaps  the  following  diagn 
represent  the  proportion  more  graphically: 

The  diagram  (fig.  9)  is  divided  into  squares  showing  the  pro] 
of  nitrogen,  oxygen,  and  carbonic  acid  in  the  volume  of  air  inc 
by  the  large  square. 

Although  the  proportion  of  carbonic  acid  in  good  and  bad  ai 
inconsiderable,  we  must  not  be  led  into  supposing  that  the  differ 
negligible.    There  are  many  examples  known  to  the  chemist  in 

'  Angus  Smith. 
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Plate  IV. 


8.— Diffusion  of  carbonic  acid. 
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9.— Proportion  of  leases  in  atmospheric  air  and  breath. 
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Innte  quantity  of  imparity  may  produce  effects  apparently  quite  dis- 
^rtionate  to  the  cause.  We  have  it  on  the  authority  of  Professor 
^^ts-Aasten  that  a  difference  of  one- tenth  per  cent  of  carbon  in 
A  rails  may  be  a  very  serious  matter. 

lie  steel  cy Under ,  containing  compressed  oxygen ,  which  recently 
St.  at  the  station  at  Bradford  with  such  fatal  effect,  contained  only 
^e-tenths  x>er  cent  too  much  carbon — an  amount,  however,  quite  suf- 
mfc  to  accoant  for  the  mischief. 

he  steel  dies  used  in  the  mint  should  strike  40,000  coins  on  the  aver- 
p  yet  if  the  die  contained  one-tenth  too  much  carbon  it  would  not 
ke  3  00  pieces  without  cracking. 

et  OS  see  what  is  the  full  effect  of  the  difference  in  carbonic  acid  in 
n  and  coantry  air.  If  we  take  country  air  to  contain  0.03  and  town 
0.O4  x>^r  cent  of  carbonic  acid,  or  a  difference  of  0.01  per  cent,  it  will 
mnt  to  about  1  additional  quart  of  carbonic  acid  inhaled  during  the 
\  supposing  we  take  into  our  lungs  2,600  gallons  of  air  per  diem. 
his  would  weigh  about  30  grains,  an  amount  sufficient  to  kill  ten 
pie  if  the  poison  were  as  virulent  as  white  arsenic.  Moreover,  we 
st  remember  that  if  we  inhale  1  quart  of  carbonic  acid  more  we  take 
.  qaart  less  of  life-supx)orting  oxygen.  Is  carbonic  acid  really  so  pois- 
es that  a  quart  or  gallon  more  carbonic  acid  and  a  corresponding 
onnt  of  oxygen  less  would  be  hurtful  to  this  extent?  The  answer 
•  No."  Although  from  experiments  made  by  Angus  Smith  in  an  air- 
ht  leaden  chamber,  when  pure  carbonic  acid  was  introduced  to  the 
sent  of  3.84  per  cent,  two  friends  suffered  after  a  few  minutes  from 
idache,  and  he  himself  soon  felt  great  discomfort,  it  is  known  that 
rkers  in  soda-water  factories,  where  the  amount  of  carbonic  acid  in 
b  air  reaches  0.1  per  cent,  are  not  injuriously  affected.  Yet  our  senses 
fcect  the  difference  between  town  and  country  air.  We  can  perceive 
&  difference  between  Manchester  town  air  and  that  of  the  outskirts — 
iifference  of  only  0.0034  per  cent — or  between  the  air  of  the  streets 
A  the  parks  of  London,  which  amounts  to  0.004  per  cent.  Why  can 
e  detect  these  minute  differences Y  Because,  as  Angus  Smith  says, 
irbonic  acid  always  comes  in  bad  company.  It  is  its  bad  companions 
lat  affect  us.  It  is  the  sulphurous  acid,  which  accompanies  burning 
Md  and  gas;  it  is  the  organic  poison  which  accompanies  the  exhala- 
ons  from  the  body. 

The  latter  is  the  subject  to  which  I  now  wish  to  direct  your  attention. 

It  is  obviously  very  important  to  determine  minute  differences  of  car- 
DDie  acid  in  the  air  so  that  we  may  guard  against  the  least  increase 
k  carbonic  acid  in  the  atmosphere.  As  little  as  0.004  per  cent  can  be 
etected  by  our  senses,  as  we  have  seen,  and  a  difference  of  0.02  per  cent 
I  not  pleasant  when  caused  by  want  of  ventilation.  Angus  Smith  says : 
'  We  all  avoid  an  atmosphere  of  0.1  per  cent  in  a  crowded  room,  and  the 
ixperience  of  civilized  men  is  that  it  is  not  only  odious,  but  un whole- 
tome.    When  people  speak  of  good  ventilation  in  dwelling  houses  they 
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mean^  without  knowing  it,  air  with  less  than  0.07  per  cent  of 
acid.    We  must  not  conclude  that  because  the  quantity  of 
acid  is  small,  the  effect  is  small.    The  conclusioii  is  rather  tliatmii 
changes  in  the  amount  of  this  acid  are  indications  of  occurrences  oft 
highest  importance." 

What  is  the  substance  which  accompanies  the  breath  ? 

Dr.  Rausome  says  that  **the  aqueous  vapor  arising  from  the  bi 
and  from  the  general  surface  of  the  body  contains  a  minute  propoi 
of  animal  refuse  matter  which  has  been  proved  by  actual  experimenti 
be  a  deadly  x)oison.    It  is  this  substance  which  giv^es  the  pecaliarck 
unpleasant  smell  which  is  perceived  on  leaving  the  fresh  air  aud  ent 
ing  a  confined  space  occupied  by  human  beings  and  other  aiiimals^i 
air  thus  charged  has  been  fully  proved  to  be  the  greiit  cause  of 
lous  or  tubercular  diseases,  and  it  is  the  home  aud  nonrisherof 
subtle  microscopic  forms  of  life  that  have  lately  become  so  well  kno| 
under  the  title  of  germs  of  disease  or  microzymes.     It  is  probablyi 
source  of  a  large  part  of  that  increase  of  mortality  that  seems  inevit 
to  follow  the  crowding  together  of  the  inhabitants  of  towns." 
views  are  shared  by  such  eminent  men  as  Dr.  Foster,  Prof.  Du 
Raymond,  Dr.  Carpenter,  Sir  Douglas  Galton,  and  others. 

But  in  what  manner  has  the  above  statement  been  put  to  theiw 

I  desire  to  refer  to  a  very  ingenious  experiment  which  has  been 
ried  out  by  the  French  physiologist  BrownSequard. 

Fig.  10  veinesents  diagramatically  an  experiment  similar  to  thj 
Brown-Sequard.     Four  bell  jars  are  connected  by  glass  tubes  in 
a  way  that  by  aspirating  air  through  the  open  tube  connected 
the  fourth  bell  jar  a  current  of  air  is  made  to  travel  through  the 
in  the  direction  indicated  by  the  arrows.    Between  the  third  and  fin 
bell  jars  a  vessel  is  inserted  containing  strong  sulphuric  acid,  wl 
removes  the  organic  matter  from  the  air  passing  into  the  last  liell 
By  confining  mice  in  these  jars,  the  first  mouse  will  get  the  fresh 
the  secjond  will  breathe  air  vitiated  by  the  first,  and  so  on,  the 
mouse  breathing  the  whole  of  the  carbonic  acid  given  off  from 
lungs  of  the  first  three.    In  this  experiment  the  third  mouse  ▼( 
die,  but  not  the  fourth,  proving  that  it  is  the  organic  poison  rat 
than  the  carbonic  acid   in  bad  air  that  produces  the  most 
eflects. 

Whatever  may  be  the  exact  nature  of  this  poison,  of  which  little 
than  its  mere  existence  is  known,  there  can  be  little  doubt  that 
amount  in  town  air,  indicated  by  0.001  per  cent,  produces  a  camulat 
eftect  upon  our  vitality,  which  makes  us  long  for  fresh  country  fur, 
which  no  doubt  enhances  the  depression  induced  by  the  gloom  of 
city  surroundings. 

Health  like  charity  begins  at  home,  and  we  should  therefore  start 
studying  the  conditions  under  which  we  live  in  our  own  dwellings. 

Let  us  consider  the  case  of  a  person  sitting  in  a  room  and  consominj 
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MJ  g^allons  of  air  in  twenty-four  hours,  or  breathing  out  16  cubic  feet 
liour  of  air  containing  5  per  cent  of  carbonic  acid.  For  the  air  to 
lain  fairly  fresb  the  amount  of  carbonic  acid  sliould  not  rise  above 
>  per  cent;  that  is  to  say,  the  amount  of  carbonic  acid  shoukl  not 
rease  more  than  0.02  per  cent,  supposing  the  air  to  contain  originally 
It  per  cent.     How  much  fresh  air  will  be  needed  per  hour?    This  may 

calculated  as  follows:  -       x  16=4,000  cubic  feet. 

Lir  can  not  be  renewed  more  than  three  or  four  times  per  hour  with- 

producing  a  perceptible  current  or,  as  we  sliould  say,  causing  a  draft. 

therefore  follows  that  each  individual  should  be  allotted  at  least 

—  =  1000  cubic  feet  of  air  space.    This  renewal  of  air  in  closed  places 

i^titutes  a  branch  of  study  termed  vmitilation.  I  have  not  time  to 
cuss  fully  this  important  subject.  A  whole  course  of  lectures  might 
delivered  upon  it.  All  that  I  can  do  in  the  short  time  at  my  disposal  is 
iiidi«'ate  the  jirinciples  which  underly  it.    The  replacement  of  vitiated 

by  fresh  air  without  creating  draft  is  the  basis  of  good  ventilation. 
fhis  necessitates  a  flow  of  air.  This  flow  of  air  may  be  produced  by 
ebanical  means — a  fan  or  pump  driving  in  air,  exhausting  the  bad, 
doiii^  both  simultaneously — or,  more  frequently  in  dwelling  houses, 

the  natural  currents  produced  by  hot  air. 

W^hen  air  becomes  warm  it  expands.  A  certain  bulk  of  this  air  com- 
red  with  an  e<pial  bulk  of  the  original  air  will  be  lighter.    The  warm 

therefore  ascends,  colder  air  replaces  it,  and  a  flow  of  air  is  thereby 
>duced. 

fo  show  that  warm  air  ascends,  a  large  glass  globe  open  at  the  top 
d  bottom  is  supported  upon  blocks  (fig.  11).  On  introducing  a  I5un- 
!t  burner  at  the  lower  opening  a  strong  upward  current  of  air  is  j)ro- 
eed,  which  causes  a  spiral  of  paper  pivoted  to  the  horizontal  rod  to 
^olve  rapidly.  Strips  of  tissue  i)ai)er  gummed  around  the  edge  of 
fe  top  oi>ening  form  vertical  streamers,  also  indicating  t'lie  presence 

an  air  ciu'rent.  Toy  fire  balloons  of  tissue  paper  illus'i'ate  this  prop- 
tyof  heated  air  exceedingly  well. 

It  is  for  this  reason  that  the  warm  air,  which  '\icludes  the  expired 
T-,  finds  its  way  toward  the  top  of  a  room.  It  is  for  this  reason  also 
*Ht  an  oi>en  fireplace  with  a  good  chimney  produces  a  current  of  air, 
hich  rushes  up  the  chimney  to  the  extent  of  150  to  300  cubic  feet  per 
iiiute.  These  two  effects  may  be  combined  to  draw  off  the  vitiated 
^  by  introducing  an  opening  into  the  chimney  near  the  ceiling.  But 
Ithough  by  this  means  bad  air  is  withdrawn  and  fresh  air  enters,  the 
^^thod  of  ventilation  can  not  be  considered  wholly  satisfactory.  In 
^y  dining  room  with  a  good  fire  burning,  I  have  found  that  the  air 
Hsses  up  the  chimney  at  the  rate  of  240  cubic  feet  a  minute  with  the 
Oor  open,  and  200  cubic  feet  a  minute  with  the  door  closed.  In 
kie  first  case  the  fresh  air  comes  mainly  through  the  open  door;  in  the 


transier  tneir  warmtn  to  tne  air  in  contact  witn  tnem,  ana  ttiifl 
sents  a  small  fraction  of  the  heat  passing  up  the  chimney. 

A  more  economical  method  is  to  warm  the  air  of  rooms  by  m( 
steam  or  hot-water  pipes;  but  in  this  case  there  is  no  nataral  ^ 
tioD,  no  fresh  air  is  introdnced  as  with  the  open  fireplace,  and 
means  must  be  provided  to  supply  the  defect. 

Another  method  is  to  supply  a  house  with  fresh  air,  which  hi 
slightly  warmed  by  passing  it  around  a  stove  fixed  in  the  basen 
out  of  doors.  In  this  case,  if  a  suitable  exit  is  provided  to  pen 
vitiated  air  to  escape,  a  constant  current  of  fresh  air  is  set  up, 
may  effect  the  whole  heating  and  ventUation  of  an  ordinary  d^ 
house  at  a  comparatively  small  cost  for  fuel.  In  large  building 
as  warehouses  and  factories,  the  same  result  is  efibcted  by  pum] 
at  the  basement  fresh  air,  warmed  by  passing  through  a  stove  and 
in  any  desired  proportion  with  cold  air  and  drawing  off  the  \ 
air  by  means  of  an  exhaust  fan  placed  at  the  top  of  the  bt 
These  principles  may  be  demonstrated  by  the  following  expenmt 

The  illustration  (fig.  12)  represents  a  shallow,  air-tight  box 
glass  front.  Three  small  circular  holes  are  bored  along  one  sid 
distant  and  one  at  the  bottom  of  the  opposite  side.  In  A  this 
fitted  with  a  glass  T  piece,  the  top  vertical  end  of  which  passes  tl 
a  cork  of  a  lamp  chimney.  Through  the  same  cork  a  gas  ba 
fitted.  The  box  is  filled  with  a  dense  fog  by  blowing  in  amD 
chloride  fumes  and  is  brigltly  illuminated  by  a  lantern.  When  i 
jet  in  the  chimney  is  burning,  one  of  the  circular  holes  is  ope 
the  air,  and  the  lower  vertical  end  of  the  T  piece  closed,  we  hi 
a  small  scale  the  conditions  of  ventilation  in  a  room  with  an  op 
place.    The  air  enters  through  one  or  all  of  the  circular  holes,  app 
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Leotube  2.— Smoke. 

»Ke  is  solid,  matter  given  off  daring  burning.  Gunpowder  smoke 
;ely  mineral  salts  and  so  is  tobacco  smoke.  Goal  smoke  is  soot-* 
s  maiuly  ^wliat  chemists  call  carbon.  All  the  common  inflammable 
inces,  coal,  wood,  paraffin,  x)etroleum,  benzine,  as  well  as  coal  gas, 
in  carbon  and  in  luminous  flames  the  carbon  can  readily  be  shown 
>t.  I  have  only  to  bring  this  white  plate  into  the  candle  flame 
re  have  as  yon  see  at  once  a  deposit  of  soot.    This  soot  in  the 

is  white  hot  and  gives  to  the  flame  its  luminosity.  The  lumi- 
f  imparted  by  solid  matter  to  a  nonlummous  flame  may  be  readily 
mstrated. 

rre  is  a  blow  pipe  (fig.  13),  fed  with  coal  gas  and  oxygen,  which 
I  as  yoa  see  a  nonluminous  flame  like  burning  spirits  of  wine,  but 
nevertheless  a  very  hot  one,  for  as  soon  as  I  introduce  a  lump  of 
able  material,  like  quicklime,  the  latter  becomes  in  a  moment 
e  hot  and  brilliantly  luminous. 

It  an  ordinary  luminous  flame  is  not  necessarily  a  smoky  one, 
lose  the  soot  bums  when  it  reaches  the  outside  of  the  flame  and 
es  into  contact  with  the  air. 

^hy  is  it,  then,  that  luminous  flames  are  sometimes  smoky  and  some- 
»  nott  Goal  and  wood,  benzine,  paraffin,  turpentine,  and  often 
rw  and  wax  candles  burn  and  give  off  soot.  It  is  because  there  is 
little  air  where  the  flame  is  hottest.    The  soot  as  it  passes  up  gets 

and  when  it  reaches  a  new  air  supply  it  is  too  cold  to  take  fire. 
( this  that  makes  a  candle,  with  a  wick  that  requires  snuffing,  give 
noky  flame,  because  with  the  long  wick  it  is  supplying  more 
tbnstible  to  the  flame  than  the  surrounding  air  can  bum. 
A  ordinary  oil  lamp  smokes  until  the  chimney  is  put  on.  Then  the 
ft  np  the  chimney  is  increased,  more  air  is  supplied,  the  flame  gets 
ler  and  therefore  brighter,  and  the  soot  is  burned  up. 
lere  is  a  smoky  turpentine  flame.  By  blowing  oxygen  through  the 
iter  a  brilliant  nonsmoky  flame  is  produced. 

ji  a,  fig.  14,  we  have  a  section  of  the  apparatus.  It  consists  of  a 
lal  tobe,  famished  at  the  top  with  a  hollow  metal  rim,  which  is  filled 
ik  cotton  wool  soaked  in  turpentine;  b  represents  the  smoky  tur- 
itine  flame  and  c  the  fiame  after  admission  of  oxygen. 
loot  or  coal  smoke  is  then  an  inflammable  part  of  the  fuel  and  where 
\t  is  allowed  to  escape,  the  fuel  is  lost.  If,  then,  we  not  only  feed  the 
me  with  more  air,  but  at  the  same  time  make  the  soot  hot  the  smoke 
sonsomed.  These  are  the  two  simple  principles  of  smoke  prevention. 
t  me  show  you  this  by  an  experiment  with  a  model  furnace,  flue,  and 
imney  (fig.  15).  This  consists  of  a  straight  metal  pipe  open  at  both 
is  and  perforated  with  air  holes  near  the  lower  end.  A  bent  metal 
n  is  fixed  on  by  a  T  piece  and  represents  the  flue.  The  furnace  is 
iresented  by  a  turpentine  lamp,  which  bums  inside  the  sheet-iron 
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case.  Yolames  of  smoke  issue  from  the  top  of  the  chimney  nut 
Bansen  flame  is  introduced  within  the  lower  end  of  the  chimney,  ? 
the  smoke  suddenly  ceases. 

Various  forms  of  grates  and  furnaces  have  been  proposed  for 
venting  smoke;  some  utilize  more  of  the  heat,  and  so  reduce  the 
sumption  of  coal;  others,  by  various  devices  of  air  inlets  at  cei 
times  of  firing  and  at  special  points  of  the  grate,  burn  up  the  si 
before  it  passes  to  the  tine. 

I  do  not  intend,  for  I  do  not  feel  competent,  to  explain  the  advant 
or  disadvantages  of  the  large  variety  of  smoke-i>reventing  appUa 
now  before  the  public.  A  great  deal  has  been  written  on  the  hq 
by  competent  persons,  and  anyone  who  wishes  for  information 
very  easily  procure  it.^ 

What  are  the  effects  of  smoke?  Before  attacking  this  questioi 
ought  to  consider  the  extent  of  the  evil. 

I  am  making  determinations,  which  are  now  in  progress,  and  tb 
still  very  incomplete  I  am  able  to  give  an  approximate  estimate  o 
amount  of  solid  matter  in  the  air  of  Leeds  which  is  mainly  di 
smoke.  There  is  daily  sent  into  the  air  of  Leeds  20  tons  of  soot,  of  i 
one-half  ton  falls,  and  of  that  one-half  ton,  20  to  2o  pounds  stick; 
is,  are  not  removable  by  rain.  How  have  these  figures  been  ar 
at!  I  have  found  that  in  the  town  100  cubic  feet  of  air  conta; 
the  average  over  1  milligram  of  solid  matter  which  is  mainly  di 
smoke.  If,  now,  we  take  the  most  thickly  populated  area  of  the  ci 
covering  4  square  miles,  and  sui)posing  the  sooty  atmosphere  to  ] 
trate  to  a  height  of  300  feet,  the  amount  of  solid  matter  will  be  i 
800  pounds,  constantly  floating  over  these  4  square  miles.  If,  fai 
we  assume  that  the  air  of  the  town  is  renewed  from  ten  to  fifty  tin 
twelve  hours,  according  to  the  strength  of  the  wind  (and  it  is  w 
the  latter  than  the  former  number,  as  I  will  show  in  a  moment) 
will  mean,  taking  the  higher  number,  rather  under  20  tons  of  8 
delivered  to  the  atmosphere  during  the  working  day.  Why  do  I 
fifty  as  the  frequency  of  atmospheric  renewal!  The  diflferenceh 
amount  of  carbonic  acid  between  country  air  and  town  air  such 
found  on  the  average  in  industrial  centers  like  Glasgow  and  Man 
ter,  and  we  may  also  include  Leeds,  is  0.01  per  cent.  There  ai-e  at 
4,000  tons  of  coal  burnt  in  Leeds  every  twenty-four  hours,  yie 
12,000  tons  of  carbonic  acid,  and  in  addition  there  are  300  tons  | 
ott*  from  the  lungs  of  the  inhabitants,  i.  e.,  in  all,  12,300  tons,  1 
keex)  to  the  same  area  of  4  square  miles  and  the  same  height  o 


^I  Hhould  recomraond  the  foUowing  p^imphlets:  The  report  of  "The  National 
ciation  for  Testing  Smoke-Preventing  Appliances,"  the  a<ldre88  of  whose  sec 
is  Mr.  Fred  Scott,  44  John  Dalton  street,  Manchester.  "On  the  abolition  of  i 
from  steam  boilers,"  by  T.  Patterson,  M.  I).  Pultlishers,  Chronicle  Office,  Oh 
"The  Smoke  Nuisance,"  by  Herbert  Fletciier,  pnbHshed  by  John  Hey  wood,  1 
gate,  Manchester.  "  Report  of  the  Sheffield  Smoke  Abatement  Association,' 
lished  by  Leader  <S&  Sons,  21  Fargate,  Sheffield. 
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«t,  which  we  took  as  the  smoke-infected  area,  the  amount  of  carbonic 
cid  would  bo  about  1  per  cent  higher  in  twenty-four  hours,  or  would 
lave  to  be  renewed  fifty  times  in  twelve  hours  to  keep  down  the  aver- 
age amount  of  carbonic  acid  to  0.04  i)er  cent. 

Let  us  attack  the  problem  in  another  way.  In  Professor  Koberts- 
liisten's  report  on  the  London  smoke-abatement  exhibition  a  large 
lumber  of  analyses  are  given,  from  which  it  is  easy  to  calculate  the 
reiglit  of  smoke  from  coal  burnt  in  house  fires.  These  analyses  refer 
0  different  kinds  of  smoke  x)re venting  domestic  fire  grates  burning 
iffereut  kinds  of  coal.  According  to  these  results  about  5  per  cent  of 
he  coal  burnt  gets  into  the  air.  Mr.  Eussell,  of  the  Yorkshire  Col- 
5ge,  and  myself  experimented  in  the  same  direction  and  arrived  inde- 
endently  at  the  same  conclusion,  without  having  referred  to  the 
ftsults  of  Roberts- Austen's  analvses. 

If  we  take  100,000  tons  as  the  house  consumption  of  coal  in  the  year 
)r  Leeds,  this  is  equivalent  to  about  11  tons  in  twenty-four  hours 
droughout  the  year.  If  we  allow  an  equal  amount  for  factory  chimneys, 
his  brings  it  to  22  tons  in  twenty-four  hours.  Or  if  we  follow  Scheurer- 
[estner  and  take  one-half  to  three-fourths  per  cent  as  the  amount  of 
ioal  given  off  as  smoke  from  boiler  furnaces,  then  if  Leeds  consumes 
.,500,000  tons  of  coal  a  year,  or  4,000  tons  a  day,  one-half  per  cent  upon 
his  is  equivalent  to  20  tons  a  day.  So  you  see  that  whichever  way 
^e  work  our  calculation  we  can  not  get  below  20  tons  of  smoke  a  day, 
uid  I  consider  that  this  figure  represents  a  minimum  quantity  rather 
than  the  true  average. 

And  now  as  to  the  amount  that  falls.  The  winter  before  last  snow 
feu  on  January  7.  A  sample  covering  1  square  yard  was  carefully 
"emoved  from  a  gravestone  in  the  parish  churchyard  a  short  time  after 
he  fiUl  ceased.  The  snow  was  melted  and  analyzed.  Fresh  samples 
''ere  taken  and  analyzed  on  the  following  three  days.    They  contained 

Variety  of  things  in  solution — ammonium  sulphate,  sulphate  of  lime, 
nd  free  sulphuric  acid,  all  mainly  derived  from  coal.  We  need  not 
rouble  ourselves  about  these  at  present,  although  we  can  not  mask  the 
Uory  which  this  corrosive  acid  produces  upon  vegetation  and  the  stone 
iid  brick  work  of  our  buildings. 

It  is  the  solid  matter  which  now  concerns  us. 

Here  are  some  of  the  samples  (fig.  16) :  A  was  collected  on  the  first 
ay,  B  on  the  second,  C  on  the  third,  and  D  on  the  fourth.  The  accu- 
tnlation  of  soot  is  evident  from  the  depth  of  color. 

Tbe  weight  of  solid  matter  carried  down,  as  determined  from  the  first 
ample,  was  equivalent  to  16  hundredweight  on  the  square  mile.  The 
^ditional  weight  of  soot  which  accumulated  each  day  was  eciuivalent 
^0  4  hundredweight  on  the  square  mile ;  or,  if  wo  take  a  smaller  quantity 
^  an  average  over  the  4  square  miles  of  the  city,  we  arrive  at  the  daily 
*nioke  fall  of  about  one-half  ton. 

It  is  impossible  to  say  what  proportion  of  the  soot  in  the  air,  during 
^eauow&ll,  the  16  hundredweight  represents,  but  it  all  points  in  one 
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direction,  that  the  waste  of  fuel  in  the  form  of  nnbnmt  coal  pasdng 
into  the  air  is  prodigious.  Estimated  for  the  whole  country,  it  would 
mean  not  an  insignificant  item  of  loss  to  the  nation. 

Before  we  can  understand  the  eficcts  of  smoke  we  must  learn  its 
composition.  I  have  analyzed  two  samples,  one  of  which  was  deposited 
on  the  orchid  houses  at  Chelsea  during  fog,  and  the  other  was  obtained 
from  my  chimney  sweep.  They  contained  respectively  14  and  15  per 
cent  of  a  nasty,  sticky  oil.  Were  the  soot  pure  carbon  it  would  be 
comparatively  harmless.  It  would  possess  no  smell,  it  would  not  adhere 
to  anything,  and  the  first  fall  of  rain  would  wash  it  away.  Unforta- 
nately,  this  is  not  the  case.  Wherever  the  soot  alights  a  great  part  of 
it  sticks,  and  no  amount  of  rain  water  will  remove  it.  That  is  why  oar 
buildings  become  x>6rmaneDtly  black  and  foliage  is  discolored. 

In  order  to  demonstrate  to  you  the  effects  of  this  sticky  material 
in  the  soot,  I  analyzed  the  deposit  on  three  glass  plates,  1  foot  square, 
which  have  been  stationed  in  different  spots— one  at  Pool  (about  9 
miles  from  the  center  of  Leeds),  one  on  the  roof  of  the  Yorkshire 
College  (about  1  mile  from  Leeds),  and  one  on  the  roof  of  the  Philo- 
sophical Hall  (in  the  town) — all  being  removed  from  the  immediate 
neighborhood  of  chimneys.  This  is  the  appearance  (fig.  17)  which 
two  plates  present  after  a  years'  exposure,  one  in  the  country  and  the 
other  in  town.  A  remained  clean  and  transparent,  whereas  B  was 
quite  opaque. 

A  series  of  experiments  of  this  nature  extending  over  many  months, 
in  which  the  deposit  after  washing  was  weighed,  showed  that  the 
deposit  on  the  Philosophical  Hall  plate  was  twenty-four  times  and  on 
the  Yorkshire  College  plate  ten  times  that  on  the  Pool  plate,  the  latter 
being  insignificant  in  quantity. 

The  effect  of  breathing  such  a  filthy  atmosphere  can  only  be  indi- 
rectly gauged.  That  it  plays  no  insignificant  part,  by  clogging  the  air 
passages,  in  bringing  about  the  high  mortality  from  respiratory  diseases, 
so  conspicuous  in  all  industrial  towns,  can  not  for  a  moment  be  douhted. 
Its  fatal  effects  upon  vegetation  are  obvious.  The  green  leaf  of  the 
plant  is  its  perspiring  organ,  and  the  leaf  is  provided  with  little  pores- 
the  stomata.  When  these  get  clogged  with  soot  the  plant  dies,  just  as 
a  human  being  would  if  the  pores  of  his  skin  were  closed  by  a  layer  of 
varnish.  But  the  soot  in  the  air  does  more  than  this.  The  plant 
derives  the  principal  material  for  its  growth  from  the  carbonic  acid  in 
the  air.  By  the  add  of  the  green  coloring  matter,  the  chlorophyll,  which 
is  found  in  the  leaf  or  stem,  the  carbonic  acid  of  the  air  is  decomposed, 
the  oxygen  being  restored  to  the  atmosphere  and  the  carbon  retained 
by  the  plant.  This  process  only  occurs  vigorously  in  sunlight.  What, 
then,  must  be  the  effect  of  the  black  deposit  upon  the  leaf  in  shutting 
out  that  light,  and  what  must  be  the  effect  of  the  smoke-laden  air  in 
preventing  the  passage  of  the  sun's  raysT 

Here  are  photographs  of  two  leaves  gathered  near  the  town  (fig. 
18).    From  half  of  each  the  deposit  of  soot  has  been  wiped  off  and  the 
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Hot  then  bleached,  without  disturbing  the  sooty  deposit  on  the 

liminished  amount  of  sunlight  received  in  the  town  of  Leeds 
gathered  from  the  simultaneous  records  taken  at  the  Philo- 
I  Hall  and  at  Adel  (4  miles  from  the  city).  In  the  year  1892,  there 
per  cent,  and  in  1893,  30  per  cent  more  sunshine  at  Adel  than 
3.  This  is  the  record  of  hours  of  sunshine,  but  not  of  its  inten- 
*he  latter,  had  it  been  recorded,  would  probably  have  shown  a 
later  difference.^  I  said  that  the  snow  in  the  parish  churchyard 
ed  acid — sulphuric  acid.  This  acid  is,  like  soot,  derived  from 
r  it  is  never  found  in  the  country.  The  sulphur  in  the  coal, 
3  present  to  the  extent  of  from  1  to  3  percent,  burns,  and  a  por- 
oses up  the  chimney  as  sulphurous  acid,  and  then  into  the  ox>en 
is  this  sulphurous  acid  which  imparts  to  town  fog  its  choky 
tating  effects.  In  the  open  air  it  is  rapidly  converted  into  the 
Qore  corrosive  substance — sulphuric  acid,  which  nearly  always 
anies  soot,  and  it  is  found  with  soot  on  leaves,  and  probably 
es  their  early  withering  near  towns.  Moreover,  it  corrodes  the 
and  stone  work  of  our  buildings. 

following  table,  prepared  by  the  Manchester  air  analysis  com- 
gives  the  analyses  of  deposits  upon  leaves  gathered  in  and  near 
r.  The  places  are  arranged  in  the  order  as  we  pass  from  the 
ts  to  the  center  of  the  town : 

DepoHts  an  holly  or  aueuba  leaves  eolleeted  December  14-16, 1891, 
[Millignuns  per  aquftre  meter  ot  leaf  surface.] 


Locality. 


Alexandra  Park 
Owens  College.. 

Holme 

Harpnrhej 

Infirmary 

Albert  Square . . 


Solid 
matter. 

Snlphnrio 
acil. 

131 

7.2 

315 

10.4 

420 

26.0 

443 

19.0 

728 

27.5 

833 

24.2 

8  been  said  that  however  much  you  may  do  away  with  smoke, 
1  never  remove  this  acid;  it  will  still  pass  into  the  air.  Quite 
ut  to  anyone  who  advances  that  as  an  excuse  for  the  smoke 
I  would  say  this :  Soot  is  an  oily  substance  not  wetted  by  water. 
d,  therefore,  attached  to  it  is  not  washed  away  by  rain  so  rapidly 
rtainly  would  be,  if  it  were  not  in  contact  with  this  film  of  oily 
Although  sulphurous  and  sulphuric  acids  are  injurious  to 
I  do  not  believe  the  quantity  given  off  from  our  chimneys  would 
early  so  hurtful  as  it  is  now  in  company  with  soot. 
)  are  real  or  imaginary  difficulties  in  the  way  of  stopping  smoke 
»use  fires,  yet  I  firmly  believe  that  before  another  generation  has 


this  lecture  was  delivered  exx>eriments  on  the  intensity  of  the  light  have 
le  and  will  be  foimd  in  Appendix  II. 


evil  may  De  couipassea.  iiegisiation  iii  regara  to  smoKe  aDatemi 
to  my  mitid  as  simple  as  it  is  jast. 

TLe  Pablic  Health  Act,  1875,  part  1,  sabsection  7,  states: 

"For  the  purposes  of  this  act,  auy  fireplace  or  fnrnace  which 
not,  as  far  as  practicable,  consume  the  smoke  arising  from  the 
hustible  used  therein,  and  which  is  used  for  working  engines  by  b 
or  in  any  mill,  factory,  dyehouse,  brewery,  bakehouse,  or  gas  woi 
in  auy  manufacturing  or  trade  process  whatever,  shall  t>e  deem 
be  a  iiuisauce,  and  liable  to  be  dealt  with  summarily  in  the  m 
provided  by  this  act" 

This  is  in  regard  to  furnaces.  lu  respect  of  chimneys,  the  secoDi 
of  subsection  7  of  section  91  says: 

"For  the  jiurposes  of  this  act  any  chimney, not  being  thecbim' 
a  private  dwelling  house,  which  emits  black  smoke  in  such  <)uai 
as  to  be  a  nuisance,  shall  be  deemed  a  nuisance,  and  liable,"  etc 

Put  briefly,  the  law  is  this:  Every  factory-chimney  owner  fl 
not  using  the  best  practicable  means  for  preventiug  smoke,  wheth 
quantity  is  large  or  small,  is  acting  contrary  to  the  law. 

Before  the  alkali  act  existed,  wherever  alkali  makers  erected 
plant  they  were  like  plague  spots;  vegetation  died  for  miles  ai 
making  the  neighborhood  of  the  works  a  bare  wilderness  hke  tl 
trict  of  St.  Ilelens  is  to  this  day.  The  alkali  act  did  not  stop 
works.  It  simply  prescribed  that  the  best  practicable  means  i 
be  adopted  to  prevent  the  escape  of  acid,  and  inspectors  were  app" 
to  see  how  far  this  could  be  carried  out.  What  faappene<)T  ] 
long  a  moRt  efficient  method  was  found  to  condense  the  acid  I 
The  acid  turned  out  to  be  a  profitable  commercial  article,  am 
the  amount  of  acid  escaping  into  the  air  is  invariably  und< 


Repoa  1895. 
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cli  might  by  other  and  better  means  be  prevented,  he  violates  the 

'he  second  part  of  the  act  relating  to  chimneys  should  be  imneces- 
y  if  the  first  were  properly  carried  out.  That  it  is  necessary,  arises 
n  the  fact  that  convictions  are  nhnost  impossible,  because  the  smoke 
ker  may  always  urge  in  his  defense  that  his  furnace  is  the  best  he 
I  pnxnire  for  the  purpose,  which  statement  the  magistrate  is  usually 
linjj  to  accept. 

^oiild  it  be  shown  that  the  complete  consumption  of  smoke  would  be 
bhe  advantage  of  the  smoke  maker,  as  it  was  in  the  case  of  the  alkali 
ker,  factory  chimneys  would  soon  cease  to  smoke.  Before  I  go  fur- 
T,  I  wish  to  establish  a  claim  to  understand  the  smoke  maker  and 
sympathize  to  some  extent  with  him.  I  was  for  a  few  years  assistiiut 
onager  in  a  large  chemical  works.  If  tliere  is  an  industry  where 
case  may  be  found  for  smoke  it  is  in  a  chemical  works.  Of  the  five 
ilers  on  the  works  sonie  were  used  for  machinery,  others  for  distilling 
rposes.  Sometimes  during  the  day  the  boilers  were  working  at  low 
essare,  at  other  times  they  had  to  deliver  the  maximum  amount  of 
8ani.  Then  there  were  a  large  number  of  small  furnaces  for  special 
oducts,  and  here,  again,  the  firing  was  irregular  from  the  necessity  of 
e  case.  In  addition  to  this,  noxious  vapor  had  to  be  treated  before 
le  gases  escaped  into  the  chimney.  One  could  scarcely  expect  that 
ith  all  this  intermittent  firing,  the  chimney  should  make  no  smoke. 
uch  more  might  be  urged  on  the  part  of  smelting  works,  which 
ive  even  greater  difficulties  to  encounter  in  the  way  of  fume  and  the 
3nobstruction  of  draft.  Yet  no  works  are  exempt  from  the  act,  and 
le  best  practicable  means  should  be  enforced  everywhere. 
Now,  although  I  think  I  am  able  to  take  a  fair  view  of  the  manufac- 
irer's  case,  my  sympathies,  I  confess,  are  with  the  workingman.  No 
pubt  some  of  these  men,  the  firemen,  are  directly  responsible  for 
uich  unnecessary  smoke.  This  has  often  been  advanced  as  an  excuse 
)r  the  manufacturer.  I  do  not  think  it  is  a  legitimate  one.  A  manu- 
*cturer  ought  to  know  and  appreciate  better  than  his  workmen  the 
vils  of  smoke,  and  should  exercise  the  authority  he  possesses  to 
nforee  his  more  enlightened  ideas.  It  is  certainly  the  workman  who 
►ears  the  brunt  of  the  polluted  atmosphere.  I  lived  for  a  time  near 
he  works  I  have  described,  right  in  the  heii  t  of  a  manufacturing  dis- 
rict.  Of  the  character  of  the  district  you  may  form  some  idea  from 
he  fact  that  within  almost  a  stone's  throw  of  my  door  were  three  tar 
^orks,  two  other  chemical  works,  an  iron  foundry,  a  fire-brick  works,  a 
colliery,  and  an  alkali  works.  Opposite  my  lodging  was  a  row  of  cot- 
^ges  similar  to  the  row  in  which  I  lived  and  behind  it,  like  a  great 
•caffold,  rose  the  winding  gear  of  the  colliery.  At  the  back  of  the 
ioase  was  the  yard  of  a  tar  works  with  its  desolate,  black  beds  of  pitch, 
Ad  beyond  a  mountain  of  alkali  waste,  sending  forth  day  and  night  its 
etid  odor  of  sulphuretted  hydrogen.    This  smell,  combined  with  the 


T  do  not  tbink  that  in  passing  throngfa  sacb  a  spot  it  is  posa 
imagine  the  life  that  belongs  to  these  sniroandings.  It  certain); 
an  impressioD  apon  me,  which  I  never  previously  realized  and  w 
shall  not  readily  forget.  Perhaps  not  the  least  melancholy  side  1 
pictare  is  the  reference,  which  Mr.  Aclaud  made  to  it  in  a  recent  s] 
"All  those  who  are  making  a  careful  study  of  the  condition  of  oar 
were  perfectly  aware  of  this  fact,  that  a  great  deal  of  the  work 
towns,  which  necessitated  strong  and  healthy  men,  especially  ii 
dou,  was  done  by  those  who  had  been  brought  up  in  country  home 
not  in  those  of  the  towns."  However,  I  have  no  wish  to  appeal ' 
sentimental  feeling.  Political  economy  has  nothing  in  common  i 
we  are  told,  and  "basiness  is  basiness,"  which  I  suppose  means  tbi 
thing.  I  have  pointed  out  that  some  few  works  have  to  fire  the 
naces  intermittently  and  some  smoke  or  fume  may  be  unavoi 
This  does  not  apply  to  the  large  majority  of  steam  users,  who  rec 
fairly  steady  steam  pressure  tbrooghout  the  day.  Let  as  see  « 
the  opinion  of  persons  who  have  carefully  studied  the  question. 

The  ShetBeld  Smoke  Abatement  Association  subcommittee,  i 
careful  experimental  inquiry,  state  that  "it  is  certain  that  smob 
be  almost  entirely  and  completely  prevented  from  steam-boiler 
neys."  Deputations  from  the  corporation  of  Boltou,  Rochdale, ' 
burn,  Bury,  Oldham,  Middleton,  and  many  local  boards,  made  a 
of  visits  to  smokeless  works,  and  the  corporation  of  Bochdale  pa 
resolatioQ  that  there  was  to  be  fonnd  in  the  market  apparatus,  by 
coal  could  be  bomt  for  trade  purposes  economically  and  smoke 
A  special  subcommittee  of  the  Blackburn  corporation  passed  a  i 
tion,  stating  that  "they  are  convinced   that  the  smoke  noisa 
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INSTANCES  OP  FIBMS  USING  SMOKELESS  FUBNAGES. 

following  is  a  list  of  firms  who  are  known  to  be  burning  bitnmi- 
3oal  smokelessly^  and  whose  works  should  be  visited  by  mann- 
ers before  stating  on  oath  that  they  have  done  everything 
le  in  order  to  comply  with  the  Public  Health  Act.  The  furnaces 
Vicars,  Sinclair,  Gass,  and  Jukes: 


lint 

London. 

ilic  Power  Co 

Do. 

«wery  Co.,  L&mbeth 

Do. 

'ark    and    Vauxhall 

rCo 

Do. 

lae  &,  Co.,  printers.. 

Do. 

ow  Sl  Son,  prill  tersr. . 

Do. 

1.  Canston  &,  Sons, 

era 

Do. 

owee  Sl  Son,  printers 

Do. 

1  &,  Sons,  printers. . . 

Do. 

rber  &,  Co.,  wharfin- 

Do. 

radford,  paper  mak- 

aaterials 

Do. 

iliall    Market    Cold 

ige  Co.y  ice  makers. . 

Do. 

French  &,  Co.,  flonr 

Do. 

&,  Co.,  millers 

Do. 

)iok  &,  Co.,  oil  mills. 

Do. 

t)bB  &,  Co.,  oil  mills. . 

Do. 

frean  &  Co.,  bisonit 

Do. 

Tate  &,  Sons,  sngar 

)r8 

Do. 

Martineau    &,    Son, 

'refiners 

Do. 

Lyle  Sl  Son,  sagar 

jrs .... 

Do. 

.  Gibbs,  soap  works. 

Do. 

Wheen  <k,  Bon,  soap 

B 

Do. 

night  Sl  Son,  soap 

B . 

Do. 

iwell 

Nottingham. 

fe  Son,  brewers 

Leeds. 

Tait  Sl  Sons,  sugar  refiners. 

Gossage  &,  Sons,  soap  works 

Musgrave  Sl  Sons,  cotton 
spinners 

Walter  Cannon,  cotton  spin- 
ner  

P.  Crook,  Limited,  cotton 
spinner 

Wardle  &,  Brown,  cotton 
weaving 

John  Fletcher,  colliery 

Astley  &,  Tyldesley  Coal  Co., 
colliery 

Colman,  mnstard 

Electric  Supply  Co.,  elec- 
tricity   

Brandley  Mining  Co.,  Lim- 
ited, lead  mines 

Wilson,  "Evening  News".. 

North  British  Rubber  Co., 
india  rubber 

R.&,R.  Clark 

Alex.  Cowan  Sl  Son,  paper.. 

Jas.  Milne  Sc  Son 

W.  4&R.  Chambers,  printers. 

Gall  Sl  Inglis,  printers 

Gunn  Sl  Cameron,  "Daily 
Mail" 

Brown,  Stewart  Sc  Co.,  pa- 
per mills 

J.  Sl  p.  Coats,  thread  mills. 

F.  S.  Sandeman, Jute  mills.. 

Pirie  Sc  Sons,  paper 

Robertson  <&  Or  char,  iron 
foundry 

Chas.  Lyell 


Liverpool. 
Widnes. 

Bolton. 

Do. 

Do. 

Do. 
Do. 

Manchester. 
Norwich. 

Liverpool. 

Keswick. 
Edinburgh. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Glasgow. 

Do. 
Paisley. 
Dundee. 

Do. 

Do. 
Do. 


re  is  only  one  conclusion  to  be  drawn  ft'om  this,  that  the  majority 

ke  makers  are  acting  in  violation  of  the  law.    The  smoke  banners 

they  fly  from  their  chimney  tops  are  the  black  flags  of  piracy. 

ire  pirating  the  pure  air,  which  is  the  property  of  everyone. 

B  is  a  scene  (fig.  19)  which  may  be  observed  any  hour  of  the  day 

ds. 

\t  remedy,  then,  should  I  propose?    I  would  have  a  government, 
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not  a  mniiicipal,  smoke  iD8i)ector,  a  Bcientiiic  man  of  wide  practical 
experience,  like  our  alkali  inspectors — the  offices  in  faet  nngbt  be  com- 
bined. In  the  matter  of  smoke  abatement,  the  local  authority  and 
inspector  are  useless.  I  am  not  speaking  specially  of  Leeds,  for  in 
nearly  every  town  where  a  strong  desire  has  been  shown  to  abate 
smoke,  the  local  authority,  which  had  the  power,  has  usually  done 
nothing.  The  ratepayers'  representatives  are  either  smoke  makers  or 
have  smokemaking  friends,  and  the  municipal  smoke  inspector  is,  as 
a  rule,  not  equal  to  the  task. 

The  relation  of  a  municipal  to  a  government  smoke  inspector  might 
be  compared  to  that  of  a  sympathetic  friend  and  the  family  doctor. 
You  have  a  bad  headache  and  feel  ill  and  your  good-hearted  frieud 
calls  in.  After  making  inquiries,  he  suggests  various  remedies  as 
certain  cures  for  your  ailment.  You  say  you  have  tried  everything 
under  the  sun,  but  you  are  no  better.  Then  comes  the  family  doc- 
tor. *' Hello!"  says  he;  "I  see  what  is  wrong;  we'll  soon  put  you  ail 
right." 

I  will  read  you  the  deliberate  utterance  on  this  subject  of  Her  Maj- 
esty's ex-chief  alkali  inspector,  Mr.  A.  E.  Fletcher,  which  ought  to 
caiTy  weight : 

"There  are  difficulties  in  making  any  change.  Masters  will  not  take 
the  trouble  to  alter  their  furnaces,  nor  will  the  men  alter  their  method 
of  stoking  the  fires  unlcvss  they  are  compelled.  The  numberless  alter 
ations  made  in  the  construction  and  conduct  of  chemical  works  during 
the  last  twenty  years  would  never  have  been  carried  out  but  for  the 
pressure  brought  on  the  manufacturers  by  means  of  the  alkali  act 
80  it  will  be  with  the  smoke  nuisance.  Men  are  too  idle  or  too  much 
occupie<l  to  move  in  such  a  matter  until  pressure  from  outside  is  applied. 
The  moral  pressure  must  come  from  the  public,  and  it  should  be  made 
some  one's  business  to  see  that  the  law  regarding  it  is  put  in  force." 

This  question  is  a  workingraan's  question.  He  is  or  should  be  most 
interested  in  it.  His  health,  his  home,  and  his  surroundings  are  infected 
by  the  smoke  plague  far  more  than  those  of  his  wealthier  neighbors. 

I  believe  that  if  the  employer  were  obliged  to  put  in  an  efficient 
smoke-preventing  appliance,  of  which  there  are  several  in  the  market, 
he  would  reap  advantages  in  two  ways.  He  would  probably  econo- 
mize in  fuel  and  the  health  of  his  workmen  would  be  improved.  But, 
as  the  alkali  inspector  says,  the  manufacturer  will  not  change  his 
method  until  he  is  obliged,  and  the  moral  pressure  must  come  fronitbe 
public. 

May  it  before  long  be  said  of  Leeds  not  only  of  the  morning,  bat  of 
all  and  every  day. 


Hr 


Th'iH  city  now  doth  like  a  garmeufc  wear 
The  beauty  of  the  raorniiig;  silent,  l»arc 
Shi})8,  towers,  domes,  theaters,  and  temples  Me 
Open  unto  the  fields  and  to  the  sky 
All  bright  and  glittering  in  the  smokeless  air." 


£^^ 


»-X.>«aure  ■Inwa  ttvm  t 


U.— Dun  panicles  Id  the  air  (blzhly  ma^ltledi. 
The  Aib  of  Towns. 
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Lmxttuke  3. — Ttnrs  Fog. 


rri.-tMTTi  J  ih.*  ajmr*  »nJ  t-Sfrts  »>f  lown  fog.  we  will  befriOt 
■s   I«el:lI^>^  a  ^i*  ca^e  -.'f  t»rbi>a:<-  acid.  Ity  seeking  for  it* 

i:^  ini:~5  in*l*  "■fi::^  hj  Natnr*  in-l  {tainted  any  tint  from 
b^i  t>?-  fa.-rchii'irtfn:  b.>ra  '>t  tiie  air  of  piirticles  of  pare 
r«nT  water. it  isc>nt;iinianre>i  by  Tin  wilh  every ioiaginal-kr 
_     Tnat    i*  town  f^'Z.     flin*  •;-*>  tlii^  mist  ariaet    It  i* 

•T  ^team  always  prenent  in  ;!l^^  air  in  varying  quautitiefi- 
f.i',1  ■  -f  temperature  *7i<i<i>?n: y  ar-^rars  either  as  mint  or  mJi^ 
>r  ilew-  aci-ortling  to  the  est«Mi:  a^d  rapidity  of  cooliuj  unc 

.^  Tdier  vapor  present  in  '.'z.-^  aJr  at  the  time.    Tbe  i'-'ivw- 

Krnis.  will  make  this  evi.[«';: 

etlier   is  pWed  in  this   br.;:iil  silvered  cop  (fip.  tS'  :  m 

ii^-raiing  the  ether  by  Wowing  air  throngh  it  by  lueau*  if  t. 

ws  ibe  temperature  is  lowered,  and  the  bright  Korla-i'  hi«n 

mmed  with  a  deposit  of  moistare  from  the  uir, 

e  other  hand,  I  bring  a  Dame  under  the  jet  i>f  f-vam    lu 

is  now  visible  through  partial  condenaatioii  in  lu^  li>-n  .> 
fine  water  drops,  the  mist  suddenly  vaniBbe^.  i"i  :ii^  Wii-iu^ 
w  take  np  the  water  in  its  invisible  form  as  vajxi;.  v  urt  Z 
e  dame  the  mist  again  appears. 

.  one  interesting  and  curious  fact  about  the  ftrTumnn  ./  i.-,*. 
f  mist  or  the  larger  particles  we  call  rain  drt-jt*  if  w^ — '^^ 
ig  poiot.  the  nucleus,  of  each  of  these  i»anj'  if»  v'  v  m--  c  t 
lost,  a  speck  so  minute  that  it  is  gen^Tal'y  I'l^ii.^  -,.  ;>. 
.  Without  dust  there  is  no  mist  orraiu'."!  -j*^,  y  i-  -■  • 
hieh  is  the  starting  point  for  the  dei»'^'-.('i  i*"  m-i'm-, 
lid  happen  if  air  free  from  dust  were  w».t.:ii»'^c  *  :'i  n/>f.  ",'ri* 
^mperatnrerellT    Waterwould  bedeiwwv^  ••tr  .m:  ■  i/i  ^.,,i 

It  would  deposit  on  the  ground  and  -yu  '.>ii-  inun  n.p^.  J- 
eam  down  the  walls  of  our  houses  and  i^tiji  -^^  «u-lii'>^ .«'  iw 
;ve»y  solid  thing outof  doors wonW be *«Li.ir  m  nwr  T-nKC 
nd  no  rain  would  fall. 

*  ti»«  offspring  of  vapor  and  dusL  Wh«  i*  -u^  - 
rofthisdostt  Weln,owthatit*^ri««.  »^... 
•BUM  1,.  OUT  houses.    As  far  ..  « .  ki«»,  h  *-^^.. 

■—«  Uw  qnMtity  vjiries  and  v.i 


K  '  ^^^'  ^'  *fi'ch  Bhous  ^.^  «r  tfe-  -.IU1.C.  .^ni  ;^,-.ug 

'■•ebly  niagnifi-4, 

■  -  <S*yBtala,  tb*r«.  W:^Wt*,'.Hr  •*-;.■•.  >--]ffH* 

"■1  meUATtr  JKMk.  tiU  n»«ta :l>f'  'rf  ilj-*<.-t 

I  ""^wirf  ;hH4wC  I  A»I1  hav«r  more 

'  tfedd  it  is  is  viisible  ouder 
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Lecture  3.— Town  Fog. 

re  discussing  the  nature  and  eflfects  of  town  fog,  we  will  begin, 
he  first  lecture  in  the  case  of  carbonic  acid,  by  seeking  for  its 

1  fog  is  mist  made  white  by  Nature  Jind  painted  any  tint  from 
to  black  by  her  children ;  born  of  the  air  of  particles  of  pure 
msparent  water,  it  is  contaminated  by  man  with  every  imaginable 
ation.  That  is  town  fog.  Dow  does  this  mist  arise?  It  is 
rapoT  or  steam  always  present  in  the  air  in  varying  quantities, 
yy  a  fall  of  temperature  suddenly  appears  either  as  mist  or  rain, 
tail,  or  dew,  according  to  the  extent  and  rapidity  of  cooling  and 
[>uiit  of  water  vapor  present  in  the  air  at  the  time.  The'follow- 
^eriments  will  make  this  evident: 

itle  ether  is  placed  in  this  bright  silvered  cup  (fig.  20);  on 
evai>orating  the  ether  by  blowing  air  through  it  by  means  of  a 
ellows  the  temperature  is  lowered,  and  the  bright  surface  soon 
s  dimmed  with  a  deposit  of  moisture  from  the  air. 
I  the  other  hand,  I  bring  a  flame  under  the  jet  of  steam  (fig. 
icli  is  now  visible  through  partial  condensation  in  the  form  of 
e.,  fine  water  drops,  the  mist  suddenly  vanishes,  for  the  warmer 
now  take  up  the  water  in  its  invisible  form  as  vapor.  When  I 
;  the  fiame  the  mist  again  appears. 

e  is  one  interesting  and  curious  fact  about  the  formation  of  fine 
Bs  of  mist  or  the  larger  particles  we  call  rain  drops  or  dew — that 
rting  x^^int,  the  nucleus,  of  each  of  these  particles  of  water  is  a 
of  dust,  a  speck  so  minute  that  it  is  generally  invisible  to  the 
eve.  Without  dust  there  is  no  mist  or  rain  or  dew.  It  is  solid 
•  which  is  the  starting  point  for  the  deposition  of  moisture, 
would  happen  if  air  free  from  dust  were  saturated  with  moisture 
e  temperature  fell  ?  W^ater  would  be  deposited,  but  only  on  solid 
3.  It  would  deposit  on  the  ground  and  on  our  buildings.  It 
stream  down  the  walls  of  our  houses  and  soak  the  surface  of  the 
Every  solid  thing  out  of  doors  would  be  wet,  but  no  mist  would 
r  and  no  rain  would  fall. 

t  is  the  offspring  of  vapor  and  dust.  What  is  the  character  and 
ity  of  this  dustf  We  know  that  it  exists.  W^e  know  that  it  is 
dentiful  in  our  houses.  As  far  as  we  know,  it  exists  everywhere; 
:'  course  the  quantity  varies  and  varies  enormously,  as  we  shall 
itlv  see. 

e  is  a  slide  (fig.  22)  which  shows  some  of  the  things  composing 
ist  of  a  dwelling  room  highly  magnified. 

find  in  it  particles  of  soot,  crystals,  fibers,  vegetable  cells,  spores 
ollen  grains,  starch  grains  and  meteoric  iron,  the  remains  of  insect 
id  living  germs.  Of  the  character  of  this  dust,  I  shall  have  more 
in  my  next  lecture.    Much  of  it  is  so  fine  that  it  is  invisible  under 
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ordinary  circumstances.    It  is  only  when  a  beam  of  light  in  a  darkened 
place,  a  ray  of  sunlight  in  a  room,  a  street  lamp  on  a  dark  nigbt^iUs- 
minate  these  little  particles  so  that  they  stand  out  against  a  darks 
background  that  we  see  them — the  so-called  motes  dancing  in  the 
It  is,  in  fact,  these  little  particles  which  make  the  beam  of  light  Wt 
out  the  particles  the  x^ath  of  the  beam  would  be  invisible.    Thepatk 
light  from  a  luminous  body  without  solid  matter  to  obstruct  and 
it  is  absolute  and  unqualified  darkness.    Here,  if  I  pass  a  strong 
of  light  from  an  electric  arc  lamp  (fig.  23)  through  the  side  window! 
this  wooden  box  free  from  dust  the  beam  is  cut  out  where  it  enten 
box  and  reappears  on  the  other  side,  where  the  light  emerges. 

We  can  learn  something  more  from  this  experiment.    The  dnst  H 
mainly  organic;  that  is,  the  product,  living  or  dead,  of  animal  and  pi 
life,  living  germs  or  dead  spores  or  animal  and  vegetable  refuse  matter^ 
for  if  I  now  bring  a  red-hot  poker  or  a  Buusen  fiame  beneath  the 
black  smoke  appears  to  rise.    The  black  smoke  merely  indicates 
absence  of  dust  particles  where  they  are  burnt  up  by  contact  with 
source  of  heat.    I  will  now  perform  a  third  instructive  experiment 
show  how  little  of  the  dust  breathed  into  our  lungs  finds  its  way  b 
into  the  air ;  for  the  air  passing  out  of  the  lungs  cuts  a  hole  in  the 
showing  the  absence  of  dust  in  the  breath.    These  interesting  e 
ments  were  first  devised  by  the  late  Professor  TyndalL 

I  take  an  ordinary  lamp  chimney  (fig.  24),  at  the  bottom  of  vlii< 
a  bent  tube  passes  through  a  cork.  By  breathing  out  aii*  from  the  Ian 
at  the  constricted  part  of  the  beam,  the  beam  is  interrupted  fromtl 
absence  of  dust. 

And  now  let  us  see  how  far  our  theory  of  fog  is  capable  of  ill 
tration. 

I  have  in  this  large  glass  vessel  (fig.  25)  air  standing  over  water. 
The  air  is  of  course  saturated  with  moisture.    There  is  within  tlie 
vessel  a  little  electric   lamp,  which  will  render  more  evident  any 
change  taking  place  within.    If  I  cool  the  air,  moisture  will  be  depos- 
ited, but  according  to  our  theory  it  should  only  appear  as  mist,  if  (last 
particles  are  present.    As  the  air  in  the  vessel  has  been  standing  ou( 
of  contact  with  the  outside  atmosphere  for  two  days,  we  may  assume 
that  the  dust  now  has  all  subsided  and  dropped  into  the  water.  On 
cooling  the  air,  we  should  see  no  mist.    We  can  cool  the  air  eonven 
iently  and  rapidly  by  making  use  of  the  proi)erty  which  air  possess^ 
of  becoming  colder  on  sadden  expansion.    I  have  only  then  to  exhaast 
the  air  partially  by  an  air  pump  by  attaching  it  to  this  bent  tube  wLich 
passes  into  the  interior  to  produce  the  necessary  conditions  for  tlie 
formation  of  mist.    Now  I  have  done  so,  and  you  observe  that  no  mist 
appears.    I  can  now,  through  this  second  bent  tube,  draw  in  a  little  air 
laden  with  dust  from  the  room.    I  will  now  cool  the  air  again,  and  joa 
see  at  once  that  a  fog  appears  within  the  vessel.    If  I  pass  in  more  dust 
particles,  which  I  am  now  doing,  and  pump  out  the  air  again,  weW^ 
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iF  Sui-PHUROus  Agio  in  the  Air. 


.tns,  ill  wliiuli  tUc  dew  drops  or  mist  drops  are  Biiflivieutly  small 
ub«r  to  be  cuiiiit«<).  As  the  .apparatns  is  exceedingly  simple 
i«tru«;tiOD,  I  proiwse  to  explain  it.  Fig,  26  represents  the 
neut,  ^rliir.li  fur  tbe  suke  of  expIanatioD,  is  drawu  partly  iit  sec- 
It  consists  uf  ii  sballow  uirculiir  metal  box  uf  known  capacity, 
led  top  aud  bottom  with  glass  plates.  It  stands  upon  two  cyliu- 
pening  into  it.    One  cylinder  forms  a  small  air  pump  and  coa- 

I  [tiston.  The  other  is  provided  with  three  taps,  the  bores  of 
hold  a  measured  volume.  The  top  tap  holds  the  smallest  and 
>ttoin  one  the  largest  volume.  Below  these  there  is  aplagof  cot- 
[>ol,  and  at  the  bottom  of  cylinder,  which  is  closed  at  the  end,  is 

II  liole  through  which  air  can  enter.  Above  the  metsil  box  is  a 
tfj'iDg  lens  and  below  a  reflector,  Tbe  lower  glass  plate  of  tbe 
i  divided  into  measured  squares,  etcbed  on  the  glass.    Tbe  atmos- 

withiu  the  box  is  kept  saturated  with  moisture  by  means  of 

of  damp  blotting  paper.  By  drawing  down  the  pistou  with  the 
u  the  iwsition  shown  in  the  diagram,  air  enters  the  metal  box 
gh  tbe  cotton  ping,  which  frees  it  from  dust.  To  test  a  sample  of 
ae  of  the  taps  (determined  by  tbe  amount  of  dust  present)  is 
d  through  a  right  angle  so  that  tbe  bore  is  horizontal.  It  now 
lunicates  directly  with  the  outside  air  us  representeil  at  a,  which 
i  it  111  section.  By  turning  it  back,  the  bore  again  communicates 
the  metal  box.    Tbe  piston,  which  is  at  the  top,  is  now  drawn 

aud  tbe  sample  of  dusty  air  is  drawn  up  along  witb  filtered  air 
be  metal  bos.  By  again  raising  tbe  pist<m  and  drawing  it  down 
ly,  a  dejiositiou  of  moisture  occurs,  which  falls  in  drops  on  the 

souares.  such  as  is  represented  on  thetou  squares  in  thedianam 
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Number  of  dust  particles  in  Leeds  air. 

Per  CO] 

Woodhouse  Moor,  northwest  wind ! 

Tennis  Court,  Yorkshire  College I 

Town  Hall  Square,  Leeds 1,! 

Paris  Churchyard,  Leeds 3,1 

Glasgow  Town,  northwest  wind  (Aitken) 3,' 

Flour  mill,  Leeds 3, 

There  is  one  curious  fact  about  these  results,  to  which  I  wool 
your  attention.  There  are,  you  will  observe,  fewer  dust  partick 
flour  mill,  where  the  air  is  thick  with  dust,  than  in  the  compara 
clear  air  of  the  churchyard.  This  was  a  puzzle  to  me  at  first,  but  1 
it  may  be  explained  by  the  fact  that  the  particles  in  the  flour  n 
lai'ger  and  therefore  more  visible.  As  to  the  size  of  the  partidei 
may  be  accounted  for  possibly  by  coalescence  produced  by  elec 
tion.  This  curious  effect  of  coalescence  of  dust  particles  by  electrif 
may  be  easily  demonstrated.  We  have  only  to  connect  one  cod 
of  an  electric  machine  with  a  wire  passing  through  the  top  of  a  I 
containing  fumes  from  burning  magnesium,  when,  on  tuTDi 
machine,  a  little  whirlwind  of  particles  is  set  up  and  in  a  mon 
you  see,  all  the  solid  matter  has  deposited  in  coarse  grains  roc 
sides  of  the  vessel  (fig.  28). 

Let  us  now  return  from  this  digression  to  the  fog  once  more ; 
low  its  life  history. 

With  a  calm  atmosphere,  a  high  barometer  and  a  fall  of  temper 
film  of  water  coats  every  little  floating  particle  of  dust,  as  it  we 
an  overcoat  to  keep  out  the  cold.  A  white  fog  slowly  enshro 
town.  Each  particle  of  dust  now  heavily  weighted  with  its  ur 
cloak  of  moisture  has  its  progress  impeded,  hangs  or  falls,  but  < 
rise,  and  in  its  turn  impedes  the  movement  of  the  air.  Stago 
the  atmosphere  is  produced,  especially  as  wind  is  light  with  fog. 
happens  f  An  accumulation  of  products  of  combustion  occun: 
carbonic  acid,  sulphurous  acid,  and  soot,  which  under  orciiuar, 
tions  are  rapidly  dispersed.  Our  senses  give  us  abundant  evi< 
this  in  the  ease  of  soot  and  sulphurous  acid.  Our  faces  and  clot 
soon  begrimed  and  our  eyes  and  throats  suffer  from  the  irritatiu| 
of  the  acid.  Carbonic  acid  shows  a  like  increase,  again  illus 
the  well-known  axiom  that  carbonic  acid  always  comes  in  bad  co 

The  table  which  I  now  project  on  the  screen  shows  the  inci 
carbonic  acid  during  fog : 

Carbonic  acid  in  London  air,^ 

January  19, 1882.  Slight  white  fog 

January  25, 1882.  Dense  hlack  fog 

February  1,  1882.  Very  fine 

February  3, 1882.  Slight  fog 

February  4, 1882.  Dense  black  fog 
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r  14, 1882.  Very  fine 0.041 

r  8, 1882.  Fine 040 

T  10, 1882.  Thick,  white  fog 094 

sr  11, 1882.  Thick,  white,  darker 110 

ST  11, 1882.  Later  very  dark 141 

L1883.  Fine 037 

1883.  Very  foggy 133 

will  notice  that  where  the  fog  is  long  continued  the  amount  of 
s  increases  threefold. 

next  slide  gives  the  average  amount  of  sulphurous  acid  in  Man- 
•  air  during  four  months  of  1892,  as  determined  by  the  Manchester 
lalysis  Committee: 

Sulphurous  acid  in  Manchester  air. 
[MilligraiuH  of  SO,  iter  100  cnbic  feet.] 


Month. 


September 
(October. . . 
November 
December. 


Minimum. 

Maximum. 

A  verage. 

0.7 

3.5 

1-  2 

0.7 

6.0 

2-  4 

2.0 

12.0 

C-  8 

3.0 

30.0 

6-10 

the  following  table  gives  a  number  of  determinations  from 
le  source  in  the  outskirts  and  the  center  of  the  town,  showing 
tbe  increase  of  acid  during  fog  and  the  larger  proportion  in  the 
•f  the  town: 

[Milligrams  of  SO^  in  100  cubic  feet.] 


Date. 

Oat8kirt4i. 

0.7 

0.8 

1.7 

2.5 

3.3 

2.0 

2.96 

4.2 

9.3 

2.3 

16.5 

12.7 

12.7 

Center  of 
town . 

Scotember  5 ... 

1.8 

.1.53 

4.9 

4.1 

7.6 

5.9 

8.4 

a9.7 

a  15.  7 

9.2 

a  32.  2 

rt22.C 

a  25. 8 

October  14 

November  5 

November  10 

Novemljcr  13 

November  17 

November  19 

November  22 

November  27 - 

December  17 

December  21 

December  22 

December  23 

' 

>uld  now  like  to  explain  to  you  briefly  the  apparatus  which  I 
1  for  the  Manchester  Air  Analysis  Committee  for  making  these 
linations  of  sulphurous  acid. 

apparatus  used  for  the  determination  of  sulphurous  acid  in  the 
isists  of  three  parts  (fig.  29).  A,  a  long  glass  tube,  about  half 
h  in  diameter,  open  at  both  ends,  which  is  fixed  horizontally  so 
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as  to  project  into  the  open  air;  B,  a  glass  tower,  aboat  30  inches lii«k 
and  1 J  inches  in  diameter,  openat  the  top,  and  drawn  out  into  a  finejd 
at  the  bottom.  Two  side  tubes  are  fixed  to  the  tower,  one  near  thebii 
tom  and  the  other  on  the  opposite  side  near  the  top.  The  tower  is  filki 
to  within  1  inch  of  the  upper  sidepiece  with  glass  beads,  and  iutoil 
open  top  a  tap  funnel  is  inserted  through  a  tightly  fitting  cork.  Tk 
lower  side  tube  is  attached  to  the  horizontal  tube;  the  upper  one^li 
means  of  wide  india-rubber  tubing,  to  a  combined  meter  and  aspirator,! 
This  is  an  ordinary  wet  meter  converted  into  an  aspirator  by  attachii 
toothed  wheels  to  the  revolving  drum  and  driving  the  wheels  by  meai 
of  a  wire  cord  passing  over  a  pulley  and  carrying  a  weight.  A  seii 
of  dials  register  the  volume  to  the  one-hundredth  of  a  cubic  foot.  1 
method  of  conducting  the  experiment  is  as  follows:  About  250  cu) 
centimeters  of  a  solution  of  hydrogen  peroxide  in  water,  containing  ab 
1  milligram  of  active  oxygen  in  each  cubic  centimeter,  is  poured  i 
the  tap  funnel,  from  which  it  is  allowed  to  drop  onto  the  glass  be 
at  the  rate  of  about  one  drop  a  second.  The  liquid  passes  down ; 
out  at  the  lower  end  of  the  tube  through  the  jet,  and  falls  into  a  fl 
placed  below.  A  drop  of  liquid  which  permanently  fills  the  jet  n 
it  eflfectually  from  the  entrance  of  air  from  the  interior  of  the  re 
After  running  through,  the  liquid  is  poured  back  into  the  funnel, 
weight  being  wound  up,  the  volume  indicated  on  the  dial  is  read 
and  the  drum  set  in  motion.  With  a  column  of  beads  of  about  20  im 
and  a  weight  of  20  pounds,  20  cubic  feet  can  be  aspirated  in  an  h 
Once  started,  the  ax)paratus  needs  no  further  supervision  until  & 
the  weight  has  reached  the  ground  or  the  solution  of  hydrogen  pero 
has  run  out  of  the  funnel.  The  period  required  for  this  is  readily  d< 
mined,  so  that  no  time  is  lost  in  looking  after  the  apparatus. 

Thus  we  see  that  carbonic  acid  and  sulphurous  acid,  as  we  she 
have  anticipated,  rapidly  increase  during  fog,  and,  although  I  hare 
determinations  of  soot  to  record,  the  fact  that  it  increases  also  is  m 
ciently  evident. 

If  we  assume  that  dust  particles  are  the  cause  of  fog,  then  it  folio 
that  the  thickness  of  fog  depends  upon  the  number  of  these  pwtw 
and  the  fog  must  be  denser  in  the  town  than  in  the  country.  Moreovi 
each  particle  of  water  floating  as  fog  becomes  coated  with  a  filn^ 
sooty  oil — of  that  oil  which  forms  so  large  a  constituent  of  soot.  ^^ 
is  the  effect?  Evaporation  is  retarded  and  the  fog  i)ersists  longer  tb 
it  would  were  these  particles  composed  of  pure  water  only.  To  iH' 
trate  this,  I  wish  now  to  refer  to  an  experiment,  which  has  beenp 
ceeding  since  the  beginning  of  the  lecture.  I  then  called  your  attenti 
to  the  fact  that  in  each  pan  of  this  balance  I  had  placed  a  larger* 
glass  containing  water.  Onto  the  surface  of  one  watch  glass  of  ^* 
I  had  poured  a  drop  of  oil,  which  spread  itself  out  into  a  film.  Youd 
observe  that  this  pan  has  descended,  showing  that  evaporation  i 
proceeded  at  a  greater  rate  in  the  other  pan. 


^  ^ 
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lave  not  yet  toached  upon  the  evils  attending  fog.  Apart  from 
t  dae  to  the  extra  daily  consumption  of  gas,  which  is  estimated 
idon  at  25,000,000  cubic  feet,  or  £3,125  per  annum,  there  is  a 
\  increase  in  mortality.  The  figures  in  the  following  table  must 
m  with  some  caution,  as  it  is  recognized  that  a  fall  of  temperature 
ses  tbo  death  rate;  but  there  can  be  little  doubt  that  the  high 
ily  dae  to  respiratory  diseases  which  occur  with  the  advent  of 
1st  be  in  a  large  measure  directly  traceable  to  this  cause: 

t  and  miMrtalUy  in  Manchester  during  the  ^nonths  of  December  (1890),  January,  and 

February  {1891), 

[Etitiroated  popalatiou,  506,325.] 


Weather 
(TowD  Hall). 


Dry  and  cold,  thawing 

Dry  east  winds,  hard  frost,  aomofog. 

do 

Dry  east  winds,  hard  frost  (dense 

fog  three  da^'s) 

Overcast,  severe  frost 

Overcast  (foggy  two  da3's) 

do 

Overcast 

Overcast  (clear  two  days) 

do 

Overcast 

Dull  (dense  fog  two  days) 

Clear  (dense  fog  one  day) 


Thermometer. 


Maxi- 
mum. 


Mini- 
mum. 


Sickness 
(weekly  numbers) . 


General, 
treated  at 

publio 
expense. 


48.6 
40.1 
40.1 

40.8 
41.8 
40.8 
43.8 
48.7 
51.6 
51.4 
50.1 
62.7 
56.7 


29.8 
25.8 
18.6 

15.8 

26 

21.7 

27.8 

17 

36 

34.7 

37.2 

27.6 

29 


780 
719 
672 

448 
691 
801 
853 
708 
818 
802 
866 
787 
929 


Infec- 
tious, re 
ported  to 
medical 

officer. 


70 
83 
70 

56 
59 
52 
66 
51 
61 
52 
62 
54 
62 


Deaths 
( weekly  n'mb'rs) 


AU 
causes. 


244 
238 
294 

393 
328 
341 
336 
278 
263 
211 
232 
291 
257 


Respira- 
tory 

diseases 
and 

phthisis. 


85 

87 

121 

204 

165 

153 

156 

109 

05 

78 

01 

104 

113 


&ye  little  more  to  add.    We  have  learned  one  important  lesson, 
lat  dust  is  the  mother  of  mist  and  rain. 

»king  at  the  statistics  of  the  annual  rainfall  since  the  beginning 
3  century,  there  appears  to  be  a  slight  increase;  but  it  may  not 
e  to  an  increase  of  solid  matter  in  the  air.  Whatever  the  facts 
)e,  it  is  interesting  to  remember  that  dust  is  its  own  destroyer, 
snow,  and  mist  drag  it  to  the  earth,  and  so  wash  and  purify  the 
Were  it  not  so,  though  the  ground  would  still  receive  its  iieces- 
noisture,  the  greater  part  of  the  20  tons  of  smoke  daily  sent  into 
;mosphere  of  Leeds  would  continue  to  float  forever  in  the  ocean 
around  us.  That  atmospheric  dust  is  gradually  delivered  back 
J  earth  is,  however,  poor  consolation  to  us  who  sufier  from  town 
Just  as  well  might  we  promise  to  the  drowning  man  a  future 
lant  supply  of  air,  for  the  lack  of  which  he  will  in  a  few  moments 
ceased  to  live.    A  lecture  is  neither  a  fable  nor  a  fairy  tale  and 


376  THE   AIR   OF    TOWNS. 

need  point  no  moral;  but  before  bringing  it  to  a  close  I  have  od6 
suggestion  to  make.  Those  who  have  followed  my  lectures  thus  bt 
will,  I  am  confident,  agree  with  me  as  t>o  the  serious  importaaoe 
of  this  subject  of  town  air  from  the  nature  and  extent  of  air  polla- 
tion  here  in  the  town  of  Leeds,  its  marked  efiect  upon  the  life  of 
its  citizens,  especially  of  its  working  population,  and  its  effeet  os 
vegetation,  and  indirectly,  therefore,  on  the  possibility  of  purifyiogtlie 
atmosphere. 

Our  medical  officers  in  their  weekly  or  quarterly  returns  usually 
include  a  certain  amount  of  interesting  and  useful  information  about 
the  weather,  the  temperature,  and  the  barometer  readings.  These 
weather  statistics  have  their  value  in  relation  to  epidemic  and  endemic 
disease.  I  do  not  wish  to  underrate  them.  But  how  vastly  more  impor- 
tant is  it  for  us  to  know  the  extent  of  our  air  pollution.  And  the  mat- 
ter carries  still  further  weight  from  the  fact  that  the  weather  i«  beyond 
our  control,  but  the  purity  of  our  town  atmosphere  lies  in  oar  on 
hands.  We  want  our  experimental  stations,  our  watchtowers,  within 
and  outside  the  town,  where  the  condition  of  the  atmosphere  may  be 
constantly  tested,  where  with  every  new  progressive  step  in  air  purifi- 
cation we  may  mark  the  efl'ect  on  the  atmos[)here  as  well  as  on  the 
health  of  the  citizens.  This  need  be  no  costly  undertaking.  Three  or 
four  intelligent  lads  of  15  or  10  with  a  good  board-school  training 
under  the  control  of  the  city  analyst  or  other  competent  chemist  could 
manipulate  all  the  necessary  apparatus,  which  in  itself,  as  you  haveseen, 
is  simple  and  inexpensive. 

One  word  more.  Kuskin,  as  Collingwood  in  his  biography  relate, 
kept  for  fifty  years  careful  account  of  the  weather  and  efifects  of  clond. 
He  noticed  that  since  1871  there  had  been  a  prevalence  of  chilly  wiud^ 
but  different  in  its  phenomena  from  anything  of  his  earlier  days.  "Tli6 
plague  wind, "  so  he  named  it,  "  blew  from  no  fixed  point  of  the  com- 
pass, but  always  brought  the  same  dirty  sky  in  place  of  the  healthy 
rain  cloud  of  normal  summers." 

This  ^^  eclipse  of  heaven ''  Buskin  regarded,  if  not  as  a  judgment,  at  ail 
events  as  a  symbol  of  the  moral  darkness  of  a  nation.  In  whatever 
light  we  are  inclined  to  regard  Buskin's  opinions,  he  has  ever  been 
admittedly  a  most  careful  and  trustworthy  student  of  nature.  May  not 
this ''  eclipseof  heaven  "  be  the  eftectof  our  town  smoke,  which  we  know 
is  perceived  at  a  radius  of  10  miles,  and  probably  extends  many  times 
that  distance  from  some  of  our  large  towns.  I  can  not  doubt  that  the 
total  effect  of  the  millions  of  tons  of  smoke  sent  yearly  into  the  atmos- 
phere of  the  United  Kingdom  must  modify  in  some  degree  the  charac- 
ter of  our  climate. 

We  ought,  however,  to  take  courage  from  the  fact  that,  if  we  can  not 
get  pure  country  air  in  town,  a  vastly  purer  atmosphere  is  within  easy 
reach  if  we  would  only  grasp  it.    Then  we  may  begin  to  think  seriously 
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beaatifying  oar  buildings  and  streets  and  squares,  and  of  realizing 
3  ideal  town  described  in  my  first  lecture. 

Lectube  4. — The  Germs  of  the  Air. 

Until  the  beginning  of  the  present  century,  physical  science  directed 
e  minds  of  philosophers  mainly  toward  the  study  of  the  infinitely 
«at — the  discovery  of  new  worlds  in  space,  the  study  of  universal 
ravitatioii,  and  the  measurement  of  the  velocity  of  light.  The  present 
mtnry  has  illumined  a  new  path  in  the  Dark  Unknown.  The  science 
[  to-day  is  essentially  the  science  of  the  infinitely  small.  Dalton's 
tomic  theory,  a  theory  of  the  invisible  atomic  structure  of  matter,  is 
ae  foundation  of  modern  chemistry  and  physics.  The  germ  theory  of 
isease,  a  theory  which  involves  the  existence  of  the  microscopic  living 
latter  dwelling  within  and  around  us,  is  the  bafiis  of  modern  pathology 
iDd  surgeiy.  It  is  to  these  minute  organisms  that  I  have  now  to  direct 
oar  attention. 

The  discovery  of  these  living  particles,  particles  so  small  that  it  is 
robable  that  many  of  them  defy  the  scrutiny  of  the  most  perfect 
licroscope,  originated  in  the  study  of  a  very  ancient  process,  the  proc- 
88  of  fermentation. 

Boyle,  in  the  seventeenth  century,  in  his  '<  Essay  on  the  pathological 
art  of  physik,"  with  that  almost  prophetic  clearness  of  vision  which 
larked  his  conclusions,  wrot«  as  follows:  <^And  let  me  add  that  he 
lat  thoroughly  understands  the  nature  of  ferments  and  fermentations 
lall  probably  be  much  better  able  than  he  that  ignores  them  to  give 
fair  account  of  divers  phenomena  of  several  diseases  (as  well  fevers 
»  others)  which  will,  perhaps,  be  never  properly  understood  without 
u  insight  into  the  doctrine  of  fermentations." 

The  making  of  wine  and  the  brewing  of  beer  have  been  practiced  in 
istoric  and  prehistoric  times.  Theophrastes,  who  lived  in  Egypt  B.  C. 
DO,  described  beer  as  the  *' wine  of  barley."  Noah,  we  read,  "planted 
vineyard  and  drank  of  the  wine  which  maketh  glad  the  heart  of  man," 
Qd  one  or  both  of  these  processes  is  practiced  by  nearly  every  nation, 
ivilized  and  uncivilized,  at  the  present  day. 

If  the  grape  is  crushed  and  left  to  itself  at  a  moderate  temperature 
t  begins  to  froth.  After  a  few  days  its  sweetness,  which  was  due  to 
lugar,  has  gone  and  the  juice  has  acquired  a  slightly  burning  taste. 
it  now  contains  no  sugar,  but  alcohol.  If  barley  is  moistened  and 
illowed  to  germinate  and  the  germination  suddenly  stopped  by  roast- 
Dg  the  grain,  the  barley  has  a  sweetish  taste.  It  is  now  called  malt. 
Hie  constituents  of  the  barley  have  been  changed ;  a  new  substance 
las  been  formed,  viz,  diastase,  a  substance  which  has  the  peculiar 
property  of  converting  the  starch  of  the  grain  into  sugar  as  soon  as  the 
Tain  is  steeped  in  water.    A  little  of  this  sugar  has  already  appeared 
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in  the  malt,  aud  to  this  its  sweetness  is  due.  The  malt  is  now  steeped 
in  water  for  a  short  time,  the  water  is  boiled  and  rapidly  cooled,  and 
this  extract  is  called  "wort."  If  a  little  yeast  or  brewer's  barm  is 
added  to  the  wort  it  begins  shortly  to  bubble  up,  and  at  the  same  tiioe 
a  white  scum  forms.  This  scum  is  yeiist,  which  by  the  end  of  the  proc- 
ess is  four  or  five  fold  the  quantity  of  the  original  yeast.  The  sweet- 
ness of  the  wort  has  gone,  and  in  the  place  of  sugar  it  now  coutains 
alcohol.  The  making  of  wine  and  the  brewing  of  beer  are  very  simi- 
lar processes.  .  In  brewing,  the  brewer  adds  his  ferment;  in  winemak 
ing,  the  ferment  is  with  the  grape.  "  What  has  beeh  done  consciously 
by  the  brewer  has  been  done  unconsciously  by  the  wine  grower.'"  The 
nature  of  this  ferment — the  yeast — was  first  examined  in  1680  by 
Leuweuhoek  in  the  early  days  of  the  microscope,  and  he  found  that  it , 
consisted  of  minute  globules.  More  than  a  century  and  a  half  elapsed 
before  our  knowledge  of  these  globules  was  materially  increased,  and 
•then  in  1835  Cagniard  de  la  Tour,  in  France,  and  Schwann,  independ- 
ently, in  Germany,  on  carefully  observing  these  globules  noticed  that 
they  threw  out  buds,  that  they  were  in  fact  a  low  form  of  plant  life. 

Here  you  see  (fig.  30)  the  yeast  plant  in  its  various  stages  of  growth, 
the  single  spherical  cell,  then  the  bud  growing  and  developing,  and 
finally  separating  from  the  mother  cell  and  so  forming  a  new  yeast  plant 
If  the  liquid  is  undisturbed  these  cells  remain  together  and  appear  to 
ramify  like  the  lobes  of  a  cactus  leaf. 

It  was  at  this  point  that  Pasteur  took  up  the  subject.  I  could  easily 
devote  a  lecture — nay,  a  series  of  lectures — to  the  researches  of  this 
distinguished  chemist,  which  are  models  of  scientific  acumen  and 
experimental  skill. 

It  may  suffice  to  say  that  he  incontestably  established  the  fact,  in 
spite  of  much  opposition  on  the  part  of  scientific  men,  that  the  conver- 
sion of  sugar  into  aloohol  is  brought  about,  although  we  do  not  yet 
know  how,  by  the  living  yeast  cell  during  its  life  in  the  liquid.  As 
long  as  yeast  is  excluded  no  fermentation  takes  place.  How  comes  it, 
then,  that  wine  ferments  spontaneously,  whereas  beer  does  not?  This 
question  was  also  answered  by  Pasteur.  The  germs  of  the  yeast  plant 
are  contained  in  the  dust  of  the  air  which  settles  upon  the  grape,  I 
will  now  show  you  on  the  screen  the  apparatus  and  explain  the  method 
by  which  Pasteur  solved  the  problem. 

The  tiask  A  (fig.  31)  has  two  necks,  the  oue  is  drawn  out  to  a  point, 
and  sealed,  the  other  is  also  drawn  out  t^;  a  fine  tube  and  bent,  as 
shown  in  the  figure.  Although  the  end  is  turned  up  and  open,  no  dast 
can  enter.  The  point  is  inserted  through  the  skin  of  the  gn^ie,  as 
shown  in  B  in  the  enlarged  drawing  of  the  same.  After  insertion  the 
point  is  broken  and  the  juice  sucked  into  the  flask  by  aspirating  at  the 
open  bent  limb.  The  point  was  then  fused ;  in  this  way  the  dust  from 
the  outside  of  the  grape  was  excluded  and  no  fermentation  took  place. 
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east  would  also  find  its  way  into  the  Ire  wop's  wort;  bat  this  liqaid  is 
mtral  and  not  acid  like  grape  juice  and  is  capable  of  nourishing  other 
»nns,  which  can  not  convert  sugar  into  alcohol,  but  yield  acid  sub- 
ances,  as  the  brewer  not  unfrequently  finds  to  his  cost,  when  occa- 
Dually  sucb  germs  find  their  way  into  the  fermenting  vat. 
By  adding  pure  yeast,  the  yeast  being  first  in  the  field  establishes 
self  generally  to  the  exclusion  of  other  forms  of  life  just  as  soil  sown 
ith  wheat  will  produce  wheat  and  not  weeds,  as  it  would  otherwise 
!).  The  souring  of  beer  and  wine  next  claimed  Pasteur's  attention 
id  he  found  that  certain  much  more  minute  forms  of  low  vegetable  life 
tiled  bacteria  or  microbes  had  the  property  of  converting  sugar  into 
!ids. 

Here  are  some  of  these  much  more  minute  germs  which  are  found  in 
id  beer  growing  in  bead-like  filaments  side  by  side  with  the  yeast 
ills  (fig.  32).  The  study  of  the  microbes  led  Pasteur  to  the  discovery 
'  a  process  for  preventing  wine  from  turning  sour.  He  found  that  a 
mperatare  below  the  boiling  point  of  water  destroyed  these  germs. 
fter  the  wine  is  bottled  a  short  immersion  in  hot  water  will  kill  the 
inns  without  materially  affecting  the  flavor  of  the  wine,  and  the  wine 
ill  undergo  no  change  on  keeping.  This  process  is  known  as  ^^  pasteur- 
ation."  The  production  of  vinegar  from  beer  and  wine  was  found  to 
)  due  to  the  microscopic  ferment,  which  converts  alcohol  into  acetic 
fid,  known  as  mycoderma  aceti  or  acetic  ferment,  and  which,  as  just 
ated,  is  found  in  sour  beer. 

The  germs  of  all  these  forms  of  vegetable  life  are  found  in  the  dastof 
leair.  Thisdust  when  not  stirred  up  gradually  settles,  and  when  the 
^rms  chance  to  sow  themselves  in  good  ground,  with  the  temperature 
either  too  hot  nor  too  cold,  they  will  immediately  begin  to  grow  and 
multiply,  generally  at  a  prodigious  rate,  living  on  the  material  and 
ringing  about  its  conversion  into  new  and  usually  simpler  forms  of 
latter. 

The  inference  that  putrefaction  has  a  similar  origin  naturally  sug- 
gests itself.  We  know  that  meat  during  warm  weather  rapidly  becomes 
mtrid.  Such  a  piece  of  meat  examined  under  a  powerful  microscope 
»^ill  be  found  to  be  swarming  with  bacteria.  Now,  it  is  found  that 
exposure  to  the  temperature  of  boiling  water  if  sufficiently  prolonged — 
for  some  bacteria  die  harder  than  others — will  kill  them,  and  the  freez- 
ing temperature  will  render  them  inactive,  though  without  always 
destroying  them;  that  certain  so-called  antiseptics,  carbolic  acid,  cor- 
''osive  sublimate,  boric  acid,  etc.,  act  as  poisons  and  kill  them.  We 
^n  recall  for  ourselves  a  number  of  instances  where  one  or  another  of 
^bese  methods  is  employed  to  prevent  putrefaction  and  decay.  Meat 
^nd  milk  are  preserved  by  heating  them  in  air-tight  tins.  In  summer 
^Die  milk  may  be  kept  from  turning  sour  by  boiliug  it,  and  game  pre- 
^rved  untainted  by  parboiling  it.  In  a  similar  manner  cool  larders 
*nd  refrigerating  chambers  retard  or  prevent  putrefaction. 
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Perhaps  ODe  of  the  happiest  and  most  fraitfol  results  of  the  stadyof 
this  engrossing  subject  has  been  the  antiseptic  treatment  of  disease, 
first  introduced  by  Sir  Joseph  Lister.  In  speaking  nx>on  this  snbjed; 
the  late  Professor  Tyndall  said: 

Consider  the  woes  which  these  wafted  particles  daring  historic 
and  prehistoric  ages  have  inflicted  upon  mankind ;  consider  the  loss 
of  life  in  iiospitals  from  x>utrefying  wounds;  consider  the  loss  in  pla(» 
where  there  are  plenty  of  wounds,  but  no  hospitals,  and  in  the  ages 
before  hospitals  were  anywhere  founded;  consider  the  slaughter  which 
has  hitherto  followed  that  of  the  battlefield,  when  these  bacterial 
destroyers  are  let  loose,  often  producing  a  mortality  far  greater  than 
that  of  the  battle  itself;  add  to  this  the  other  conception  that  in  Wnm 
of  epidemic  disease  the  selfsame  floating  matter  has  mingled  with  it 
the  special  germs  with  produce  the  epidemic,  being  thus  enabled  to 
sow  pestilence  and  death  over  nations  and  continents — consider  all  this 
and  you  will  come  to  the  conclusion  that  all  the  havoc  of  war  ten  tima 
multiplied  would  be  evanescent  if  compared  with  the  ravage-s  due  to 
atmospheric  dust. 

If  after  disinfecting  by  killing  the  germs  we  can  exclude  the  air.  or 
the  dust  of  the  air,  the  most  putrescent  substances  may  be  kept  indefi- 
nitely without  the  slightest  indication  of  putrefaction.  Both  PavSteoTi 
and  Tyndall  have  established  this  fact  in  the  most  convincing  maotiff, 
the  former  by  allowing  calcined  air  (that  is,  air  passed  through  a  red- 
hot  tabe)  to  come  in  contact  with  a  highly  putrescible  substance  like 
beef  extract,  the  latter  by  giving  the  substance  access  to  dustfreeair 
in  a  chamber  similar  to  one  shown  in  my  last  lecture,  the  purity  of  the 
air  being  tested  by  a  beam  of  light.  I  have  referred  to  the  relatioDS 
of  dust  to  epidemic  diseases  in  the  paragraph  quoted  from  Professor 
Tyndall.  This  relationship  is  perhaps  not  quite  so  obvious  as  thirti 
which  has  been  found  to  exist  between  the  germs  of  the  air  and  festerisg 
wounds. 

To  discover  this  relation,  we  must  again  seek  it  in  a  research  of  Pas- 
teur— one  of  the  noblest  services  that  any  man  has  rendered  to  his 
country.    The  outline  of  the  story  is  briefly  told.^ 

For  fifteen  years,  a  plague  raged  among  the  silkworms  in  the 
silk-growing  district  which  lies  to  the  southeast  of  France.  Froai 
130,000,000  francs,  which  was  the  value  of  the  silk  produced  in  1853,  i* 
had  dropped  to  30,000,000  francs  in  1862,  and  there  was  no  sign  of 
abatement  of  the  disease. 

In  1863  the  French  minister  of  agriculture  offered  a  reward  of  £20,OW 
to  anyone  who  should  find  a  remedy.  The  district  which  suffered  most 
was  Alais,  the  country  of  Pasteur's  friend,  the  chemist  Dumas,  who 
wrote  to  Past^eur,  *'  I  i)ut  a  great  price  upon  seeing  you  fix  your  atten- 
tion on  the  question  which  interests  my  poor  country.  The  misery 
there  surpasses  all  imagination."  In  June,  1865,  Pasteur  gave  up  his 
post  at  Paris  and  with  his  wife  left  for  Alais.     The  disease  of  tie 


^A  fuller  account  may  be  found  in  Tyudall's  "Dust  and  Disease.^ 
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vromi  was  characterized  by  the  appearance  of  black  spots.  It 
ired  itself,  moreover,  in  the  stunted  and  uneqaal  growth  of  the 
srpillars,  in  the  languor  of  their  movements,  fastidiousness  in  regard 
food,  and  premature  death.  The  black  spots  which  appeared 
oagh  the  transparent  skin  of  the  silkworm  had  been  examined  and 
ived  to  be  living  corpuscles.  These  gradually  took  possession  of 
)  intestinal  canal  and  spread,  finally  filling  the  silk  cavities  so  that 
i  worm  when  its  appointed  time  came  went  automatically  through 
ft  process  of  spinning,  but  without  producing  any  silk.  This  was 
ready  known  when  Pasteur  came  upon  the  scene.  By  careful  and 
nstant  use  of  the  microscoi)e  he  followed  the  life  of  these  fatal 
»rpascles. 

The  life  of  the  silkworm  is  like  that  of  any  ordinary  caterpillar, 
rhen  hatched  from  the  egg  the  worm,  which  is  not  much  larger  than 

pin's  head,  begins  to  feed  and  grow,  casting  his  skin  from  time  to 
Ime  when  his  coat  gets  too  tight  until,  having  attained  a  length  of 
Imost  2  inches,  he  suddenly  stops  feeding  and,  having  found  a  suit- 
ble  spot,  he  begins  to  spin  his  silk  web  around  him. 

Within  the  cocoon  he  remains  dormant  for  a  time  in  the  chrysalis 
tate,  and  then  in  the  form  of  the  moth  makes  his  way  out  of  his  silk 
rison.  The  puzzle  which  had  baffled  previous  investigations  was 
bis:  The  eggs  and  the  worm  might  appear  sound  and  healthy  and  yet 
roduce  in  the  one  case  diseased  worms  and  in  the  other,  although 
pinning  their  silk  cocoons,  produce  diseased  moths  or  eggs.  Pasteur 
proved  that  ^Hhe  corpuscles  may  be  incipient  in  the  egg  and  escape 
etection,  germinal  in  the  worm  and  baffle  the  microscope."  As  the 
rorm  grows  the  corpuscles  grow;  in  the  chrysalis  they  are  more  dis- 
inct,  and  in  the  moth  they  invariably  appear.  A  diseased  moth  then 
ays  infected  eggs  which,  owing  to  the  minuteness  of  the  corpuscles, 
ippear  healthy.  Moreover,  a  diseased  worm  may  infect  _a  healthy  one. 
j'eeding  together,  corpuscles  are  transferred  from  the  diseased  to  the 
lealthy  worm,  and  the  infected  worm,  without  immediately  showing 
ligns  of  disease,  may  spin  its  cocoon  and  eventually  lay  its  eggs;  but 
the  eggs  are  all  tainted.  Instead,  then,  as  silk  growers  were  in  the 
babit  of  doing,  of  selecting  the  eggs  for  the  next  year's  growth  from  the 
moths  which  had  survived  the  most  successful  cocoons,  the  microscope 
^as  brought  to  bear  on  the  moths  when  the  presence  of  these  diseased 
^rpuscles  was  invariably  made  evident.  This  is  the  practice  now 
adopted  by  all  silk  growers,  and  numbers  of  women  skilled  with  the 
tbicroscope  examine  each  moth  as  it  emerges  froDi  tlie  cocoon. 

Here  we  have,  then,  the  first  distinct  connection  between  living  germs 
and  the  cause  of  disease,  of  infection,  and  of  hereditary  taint.  The 
conntant  strain  of  microscope  work,  which  restored  to  France  her  silk 
industry,  produced  partial  paralysis  from  which  Pasteur  never  quite 
recovered 
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It  would  be  easy  to  multiply  examples  to  which  this  great  diaoovery 
has  given  rise.  Tuberculosis,  diphtheria,  wool-sorter's  disease,  leprosy, 
cholera,  typhus,  and  tetanus  have  been  traced  to  the  existence  of  vomy 
scopic  living  matter  (figs.  33,  34). 

I  have  taken  you  over  this  little  bit  of  history  in  order  to  indicate 
the  importance  of  knowing  the  number  and  character  of  the  almost 
invisible  living  germs  of  the  air,  and  this  must  be  my  apology  for  intio- 
ducing  a  subject  which  may  seem  to  lie  a  little  outside  the  special  topic 
of  town  air. 

If  we  examine  dust  under  a  x)owerful  microscope,  we  find  that  itcon- 
sists  of  a  variety  of  things,  which  I  enumerated  in  my  last  lecture. 
Now,  the  greater  part  of  this  dust,  although  heavier  than  air  and  set- 
tling rapidly  where  the  air  is  still,  is  so  very  fine  as  to  be  almost  invis- 
ible except  when  illuminated  by  a  bright  beam  of  light.    Can  we  gain 
any  idea  of  the  weight  of  these  little  particles!    In  my  second  lecture, 
I  told  you  that  the  weight  of  dust  in  100  cubic  feet  of  air  in  town  is  over 
1  milligram.    In  my  last,  that  in  the  parish  churchyard  3,638,000  dust 
particles  were  contained  in  1  cubic  inch.    From  this  it  may  be  calcu- 
lated that  about  40  million  million  dust  particles  weigh  1  grain  aud 
would  occupy  a  space  of  240  cubic  yards,  or  a  space  measuring  rather 
over  6  yards  each  way. 

What  proportion  of  the  dust  consists  of  spores,  pollen,  and  fungi,  and 
what  proportion  do  the  bacteria  form!    The  amount  of  living  matter 
in  the  air  has  been  carefully  investigated  for  a  long  period  of  years  by 
M.  Miquel,  of  the  Observatory  of  Montsouris,  situated  on  the  outskirts 
of  Paris.    This  careful  experimenter  has  directed  his  attention  mainly 
to  determining  the  number  of  vegetable  spores,  fungi,  and  microbes  in 
the  air  in  various  places  and  at  various  seasons  of  the  year.    He  has 
determined  the  amount  of  vegetable  matter  and  microbes  in  the  street<s, 
bedrooms,  and  living  rooms  of  Paris  and  in  the  en  virons.    He  has  drawn 
samples  of  air  from  the  sewers  of  Paris,  and  from  the  top  of  the  Pan- 
theon, high  above  the  town.    He  has  examined  the  street  dust,  the  dost 
of  rooms,  of  the  soil  in  the  country,  and  in  graveyards — in  short,  the 
dust  of  all  possible  places  where  disease  germs  might  lie.    Anyone  who 
has  leisure  to  take  up  the  book  ''Les  Organismes  Vivauts"  can  not  fail 
to  be  interested  in  the  results  of  so  much  laborious  work  and  of  so  many 
carefully  recorded  facts.    It  would  take  too  long  and  carry  me  l)eyoud 
my  subject,  if  I  gave  even  a  brief  outline  of  these  results;  I  must  hmit 
myself  to  town  air  and  the  minute  organisms  which  inhabit  it.    The 
vegetable  spores  and  fungi  we  may  pass  over  briefly.     This  slide  (tig. 
35)  represents  the  most  common  forms  met  with  at  the  Montsouris 
Observatory. 
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refuse,  seems  not  unlikely ;  but  the  subject  is  still  in  its  infancy,  and  on 
upon  which,  no  doubt,  fresh  light  will  fall  as  bacteriological  re^earc 
progresses.  The  following  table  gives  the  proportion  of  dust  particU 
spores,  etc.,  and  bacteria  iu  a  cubic  foot  of  town  and  country  air:^ 


Average  total 
duBt  particles. 

Spores, 
etc. 

Bact«ria 

in  I  cubic 

foot. 

Country .' 

864«000,000 
6,000,000,000 

200 
1,000 

2 

Town 

20 

The  numbers  represent  averages  throughout  the  year,  but  ti 
includes  considerable  variations,  which  occur  at  different  seasons 
the  year. 

The  shaded  portion  in  the  diagram  (fig.  39)  represents  the  number 
bacteria,  and  the  dotted  line  the  temperature  during  the  various  montl 
of  the  years  1879-1882. 

The  number  does  not  appear  to  vary  proportionately  with  chani 
of  temperature;  but  if  we  compare  the  rainfall  with  the  number 
microbes  we  see  at  once  a  rapid  diminution.  The  rain  evidently  a 
ries  them  down  to  the  earth.  But  they  are  far  from  being  destroyc 
The  moisture  seems  to  assist  reproduction,  for  we  find  a  rapid  increi 
directly  after  rain.  If  drought  is  long  continued  the  number  fallsi 
again.  They  die.  Ilere,  again  (fig.  40),  the  shaded  portion  represei 
the  number  of  bacteria,  and  the  line  the  rainfall  during  the  vf 
1879-80. 

The  number  of  microbes  in  the  streets  of  Paris  is  on  the  aven 
about  2L  to  22  in  the  cubic  foot,  and  this  agrees  with  that  found 
Professor  Carnelley  in  the  street/S  of  Dundee,  viz,  20  in  the  cubic  fo 
Outside  of  Paris  the  number  falls  off  to  2  whereas,  in  dirty,  one-roon 
houses  Carnelley  found  3,430  and  Miquel  in  a  neglected  hospital  wj 
3,170  in  the  cubic  foot.  The  eflfect  of  population  in  increasing  1 
number  of  microbes  may  be  represented  by  the  following  rough  maf 
Paris  (fig.  41),  in  which  the  number  of  microbes  in  a  cubic  meter 
air  observed  at  Montsouris  is  marked  against  the  arrow  denoting  1 
direction  of  the  wind.  From  this  it  will  be  seen  that  the  largest  numl 
occurs  when  the  wind  blows  across  the  town  and  the  smallest  numl 
when  it  comes  direct  from  the  country — that  is,  from  the  south. 

The  number,  21  to  22,  for  the  streets  of  Paris  is  a  rough  average, 
dry,  dusty  weather,  following  rain,  the  number  may  rise  to  160.    Direc 
after  wind  and  rain  it  may  fall  to  an  average  of  6  per  cubic  foot. 

We  can  not  be  surprised  that  the  washings  of  the  air  by  rain,  ao 
muljiting  in  the  mud  of  thoroughfares,  should  be  the  gathering  gron 
for  microbes.  The  mud  of  streets  is  more  than  this.  It  provid 
food  for  their  growtli.  It  is  the  great  source  of  bacterial  propogatk 
When  we  open  our  windows  to  let  in  fresh  air  on  a  dry,  windy  day, 
are  welcoming  these  small  visitors.    The  number  of  microbes  in  a  gn 
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ast  from  the  streets  of  Paris  was  found  to  be  84,240,  nearly  double 
contained  in  similar  dust  obtained  on  the  outskirts  of  the  town. 
j^n  we  be  astonished  at  finding  domestic  dust  nearly  as  pregnant 
V  living  matter  as  that  from  the  street,  which,  according  to  Miquel, 
1,000  in  the  grain  f  It  might  appear  judicious  to  keep  our  windows 
led  nnder  such  a  siege,  but  a  moment's  reflection  will,  I  think,  solve 
difficulty.  We  do  not  know  to  what  degree  these  microbes  are 
Mi^hievous.  We  do  know  to  what  extent  fresh  air  is  necessary  to 
dth.  l^et  ns  admit  air,  but  keep  our  dwellings,  as  far  as  possible, 
e  from  dust.  Microbes  settle  rapidly  in  still  air,  and  we  have  only 
rise  a  few  hundred  feet  above  the  ground  level  to  prove  it.  On  the 
me  day  Miquel  found  on  the  top  of  the  Pantheon  less  than  1  on 
B  average  in  the  cubic  foot;  at  Montsouris  1^,  and  in  Paris  streets 
out  12.  At  a  height  of  almost  1,000  feet  the  number  is  about  one- 
rteenth  of  that  on  the  ground  level.  On  the  high  Alps,  as  Pasteur 
id  Tyndall  have  shown,  they  disappear  completely.  If  we  want  fresh 
r  we  know  where  to  go.  We  must  climb  the  hilltops.  An  idea  of 
e  great  anny  of  microbes  which  are  constantly  on  the  march  out  of  a 
gf  town  may  be  gathered  from  the  number  computed  for  Paris,  viz, 
,000  million  daily,  a  number  which  may  be  graphically  expressed 
supposing  all  the  microbes  in  11  gallons  of  soup,  in  full  putrefac- 
^n,  to  arise  and  march  away. 

Ladies  and  gentlemen,  my  task  is  at  an  end.  There  is  much  that  I 
ve  left  unsaid  in  the  course  of  these  lectures.  I  should  like  to  have 
nded  to  the  possibility  of  reducing  domestic  smoke,  of  the  smoke  of 
r  warehouse  and  office  buildings,  of  the  better  utilization  of  coal,  and 
the  use  of  gas  for  household  i)urposes.  I  should  like  to  have  said 
ich  more  on  the  important  subject  of  ventilation  of  our  dwelling 
[>uis  and  offices.  These  matters  must  be  left  for  a  possible  future 
casion.  I  should,  however,  be  content  with  the  result  of  these  four 
itures  if  you  carried  away,  immovably  impressed  upon  your  minds, 
e  fact  that  pure  air  is  indispensable  to  health.  Do  not  let  us  resem- 
e  x>eople  sitting  in  a  close  room  who,  by  gradually  becoming  accus- 
>med  to  their  surroundings,  grow  oblivious  to  the  i>olluted  atmosphere 
ley  are  breathing  and  the  poison  which  they  are  slowly  absorbing. 
A  chairman  at  a  lecture  which  I  once  delivered  on  a  similar  topic  to 
lis  said  at  the  close:  ^^I  think  the  lecturer  makes  too  much  of  these 
[ivisible  things  in  the  air.  We  seem  to  keep  alive  in  spite  of  them." 
iut  we  don't  want  merely  to  keep  alive.  We  want  to  live  without  the 
>uTilen  of  trying  to  keep  alive.  What  future  is  there  for  a  country 
iwo-thirds  of  the  population  of  which  inhabit  towns,  and  of  whom  Mr. 
Acland  said  "  a  great  deal  of  this  work  of  the  towns,  which  necessi- 
tated strong  and  healthy  men,  was  done  by  those  who  had  been  brought 
^pin  country  homes  and  not  in  those  of  towns." 

As  I  have  already  said,  impure  air,  no  matter  whether  it  arises  from 
^^l  ganes,  soot,  or  disease  germs,  is  injurious  to  health.    If  we  are 
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And  the  next  table  the  average  number  throughout  the  year  for  the 
ears  1878  to  1882  in  1  cubic  foot.^ 

SQiLary 200  f  Jnly 786 

febniary 200  I  August 677 

Marcli 155  '  September 450 

Jkpril 212  ;  October 406 

May 346     November 252 

June 992  i  December 200 

The  average  for  the  country  is  200  and  for  the  town  1,000.  This  refers 
to  Paris,  where  there  are  plenty  of  beautiful  parks  and  where  trees  line 
the  larger  streets.  Where  vegetation  is  nearly  obliterated,  as  in  the  city 
i>f  Leeds,  the  number  will  probably  fall  much  below  that  of  the  country. 

We  now  come  to  the  much  more  minute  inhabitants  of  the  dust — the 
microbes  or  bacteria.  Here  are  some  of  the  commoner  forms  as  seen 
inder  a  iK>werful  microscope  (fig.  36). 

There  are  globular  and  elongated  forms,  twisted  filaments,  spherical 
lots,  and  short,  straight  rods.  Yeast  cells,  too,  are  often  met  with. 
fbey  rapidly  reproduce;  the  parent  cell  in  the  case  of  bacteria  divid- 
Dg  into  two  or  more  new  cells,  and  these  again  undergoing  subdivision. 

It  may  interest  you  to  know  how  these  almost  invisible  germs  can 
«  oouiited.  Although  the  germ  itself  is  only  visible  under  high  mag- 
ification,  if  the  germ  falls  upon  nutrient  material  it  will  soon  produce 
family  circle  readily  visible  as  a  spot  of  mold.  One  of  the  methods, 
rhich  has  been  introduced  by  a  German  bacteriologist  named  Hess,  is 
^presented  in  the  following  diagram  (fig.  37). 

It  consists  of  a  glass  tube  coated  with  a  nutrient  jelly.  The  tube 
I  first  rendered  sterile  by  heat,  and  then  a  measured  volume  of  air  is 
lowly  aspirated  through  it  by  the  aid  of  two  bottles  containing  water, 
rhicb  can  be  alternately  lowered  and  raised.  The  tube  is  then  placed 
mder  the  best  conditions  for  the  growth  of  the  germs  and  excluded 
torn  the  dust.  Where  a  germ  has  fallen  a  spot  of  mold  will  soon 
kppear,  and  such  spots  mark  the  residence  of  the  original  single  germ. 

The  following  slide  (fig.  38)  represents  the  appearance  produced  in 
ihe  tabe  in  three  experiments  made  in  a  schoolroom:  No.  1  experiment 
ras  made  before  the  school  assembled,  the  second  in  the  middle  of  the 
lay,  and  the  last  when  the  school  closed. 

One  is  struck  by  the  great  variety  of  these  minute  beings,  and  the  dif- 
ficulty of  distinguishing  them  is  increased  by  the  fact  that  they  appear 
to  vary  in  shape  with  the  nutrient  material*  upon  which  they  grow.  If 
they  are  fed  on  beef  tea  they  may  take  a  diflferent  shape  to  that  pro- 
duced by  a  diet  of  agar  jelly.  There  seems  very  little  doubt  that  the 
tiumber  of  species  is  very  large,  and  very  little  is  known,  moreover,  of 
their  functions.  It  is  certain  that  at  least  a  few  produce  disease.  It 
is  equally  certain  that  a  large  number,  when  inoculated  into  animals, 
lire  harmless.  That  these  harmless  ones  serve  a  useful  purpose  in  car- 
ding on  i)ntrefactive  change,  acting  as  scavengers  for  the  world's 
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The  chronic  effects  include  the  favoring  of  the  action  of  certain 
specific  causes  of  disease  commonly  known  as  contagious,  if  these  are 
present,  and  perhaps  also  a  general  lowering  of  vitality. 

The  statistical  evidence  collected  by  the  English  Barrack  and  Hos- 
pital Commission  (1)^  as  to  the  effects  of  insufficient  ventilation  uiK>n 
the  Ileal th  of  soldiers  in  barracks,  published  in  1861,  showed  that  men 
who  live  for  a  considerable  portion  of  their  time  in  badly  ventilated 
rooms  have  higher  sickness  and  death  rates  than  have  those  who 
occupy  well -ventilated  rooms,  other  conditions  being  the  same;  and 
this  has  also  been  found  to  be  true  with  regard  to  monkeys  and  other 
animals.  It  is  evident,  however,  that  in  a  room  occupied  by  animals 
or  men  there  are  many  sources  of  impurity  besides  the  exhaled  breath, 
and  it  is  still  a  question  whether  the  expired  air  contains  substances 
injurious  to  life,  excluding  carbonic  acid. 

The  widely  divergent  results  obtained  and  conclusions  reached  by 
different  investigators  during  the  last  ten  years  as  to  whether  the 
exhaled  breath  of  men  and  animals  contains  a  peculiar  volatile  organic 
poison,  have  made  it  desirable  to  repeat  and  vary  such  experiments  in 
order,  if  possible,  to  settle  this  important  point.  The  chemical  analyses 
of  the  air  of  overcrowded  rooms,  and  the  experiments  upon  animals 
with  various  proportions  of  carbonic  acid,  made  by  many  investigators, 
indicate  that  the  evil  effects  observed  are  probably  not  due  to  the  com- 
paratively small  proportions  of  carbonic  acid  found  under  such  circum- 
stances. 

Claude  Bernard  (2),  in  1857,  experimented  with  animals  confined  in 
atmospheric  air  and  in  mixtures  both  richer  and  poorer  in  oxygen  than 
atmospheric  air.  A  small  bird  placed  in  a  bell  glass  of  a  little  more 
than  2  liters'  capacity,  containing  a  mixture  of  13  per  cent  carbonic 
acid,  39  per  cent  oxygen,  and  48  per  cent  of  nitrogen,  died  in  two  and 
one-half  hours.  He  demonstrated  that  carbonic  acid  is  not  poisonous 
when  injected  under  the  skin  of  animals — as  much  as  one  liter  injected 
under  the  skin  of  a  rabbit  producing  no  ill  effects.  No  ill  effects  fol- 
lowed the  injection  of  the  gas  into  the  jugular  vein  and  into  the  carotid 
artery.  An  atmosphere  of  equal  parts  of  oxygen  and  nitrogen  had  no 
effect  upon  an  animal  confined  in  it,  while  an  atmosphere  composed  of 
equal  parts  of  carbonic  acid  and  of  oxygen  produced  immediate  death 
in  the  animal  placed  in  it.  He  explains  the  poisonous  effects  of  car- 
bonic acid  when  respired  *to  be  due  to  the  fact  that  it  deprives  the 
animal  of  oxygen.  Similar  results  were  reported  by  Valentin  (3)  and 
by  Paul  Bert  (4). 

Ilichardson,  in  186(M>1  (5),  found  that  a  temperature  much  higher 
or  lower  than  20°  C.  had  the  effect  of  shortening  very  considerably  the 
lives  of  animals  confined  in  an  unventilated  jar,  and  that  these  effects 
were  more  marked  when  tlie  animals  were  confined  in  an  atmosphere 
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richer  in  oxygen  than  air,  in  which  case  he  found  that  by  passi 
electric  sparks  from  a  frictional  machine  through  the  fatal  air  (havi 
previously  deprived  it  of  its  carbonic  acid)  it  waH  again  made  capa 
of  supporting  life,  from  which  he  concluded  that  the  oxygen  is  <^  dc 
talized''  during  respiration,  and  that  the  electric  spark  has  the  facu 
of  revitalizing  it. 

Yon  Pettenkofer,  in  1860-1863  (6),  showed  that  the  symptoms  obser^ 
in  crowded,  ill-ventilated  places  were  not  produced  by  the  excess 
carbonic  acid,  nor  by  a  decrease  in  the  proportion  of  oxygen  in  the  a 
neither  of  these  being  sufficient  in  our  dwellings,  theaters,  etc.,  to  p 
duce  toxic  effects.  He  did  not  believe  that  the  impure  air  of  dwellii 
was  directly  capable  of  originating  specific  diseases,  or  that  it  v 
really  a  poison  in  the  ordinary  sense  of  the  term,  but  that  it  diminisi 
the  capability  of  withstanding  the  influence  of  disease-producing  ag 
cies  on  the  part  of  those  continually  breathing  such  air,  and  laid  do 
the  rule,  which  has  been  accepted  and  taught  by  sanitarians  for  thir 
five  years,  that  the  proportion  of  carbonic  acid  in  the  atmosphere 
inhabited  places  affords  a  safe  indication  as  to  the  amount  of  the  ot) 
impurities  resulting  from  respiration  and  other  exhalations  from  1 
bodies  of  the  occupants. 

Hammond,  in  1863  (7),  reported  experiments  in  which  he  sought 
remove  the  carbonic  acid  and  moisture,  and  to  supply  fresh  air  as  f 
as  it  is  needed  to  take  the  place  of  the  carbonic  acid  removed,  tl 
leaving  the  '^organic  matter"  to  accumulate  in  the  vessel.  For  t 
purpose  he  confined  a  mouse  in  a  large  jar,  in  which  were  seve 
sponges  saturated  with  baryta  water,  by  which  the  carbonic  acid  v 
removed  as  fast  as  formed.  Fresh  air  was  supplied  as  fast  as  requii 
by  means  of  a  tube  communicating  with  the  bell  jar  and  closed 
water  in  the  bend  of  the  tube,  which  acted  as  a  valve.  As  the  air 
the  bell  glass  was  rarefied  by  respiration  and  absorption  of  the  c 
bonic  acid,  fresh  air  flowed  in  from  without,  while  the  arrangement 
the  tube  prevented  the  air  of  the  bell  glass  from  passing  out.  1 
watery  vapor  exhaled  by  the  animal  was  absorbed  by  two  or  th 
small  pieces  of  chloride  of  calcium.  The  mouse  died  in  forty  minut 
The  observation  was  repeated  many  times,  and  death  ensued  invarial 
in  less  than  an  hour.  On  causing  the  vitiated  air  to  pass  througl 
solution  of  permanganate  of  potash  the  presence  of  organic  matters 
large  quantity  was  demonstrated. 

Bansome,  in  1870  (8),  reported  a  series  of  very  interesting  invei 
gations  upon  ^^  Organic  matter  of  human  breath  in  health  and  diseas 
By  condensing  the  aqueous  vapor  of  the  human  breath  and  analyzi 
it  by  the  Wanklyn  and  Chapman  method,  he  found  that  "in  ordins 
respiration  about  0.2  gram  of  organic  matter  is  given  off  from  a  heall 
man's  lungs  in  twenty-four  hours,''  while  in  the  air  expired  by  pers< 
affected  with  certain  diseases,  he  found  great  variations  in  the  amoi 
of  organic  matter,  the  amount  being  greatest  in  a  case  of  phthisis  c( 
plicated  with  Bright's  disease. 
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Smith  (9)  employed  a  lead  chamber  in  his  investigations  upon  the 
question  whether  hnman  lungs  give  off  any  poisonous  agent  other  than 
carbonic  acid.  He  found  the  pulse  to  fall  from  73  to  57  beats  per 
minute,  and  the  number  of  respirations  to  rise  from  15.5  to  24,  as  the 
carbonic  acid  in  the  atmosphere  increased  from  0.04  to  1.73  ])er  cent 
during  four  hours.  When  the  proportion  of  carbonic  acid  rose  to  3  per 
cent  there  appeared  great  weakness  of  the  circulation  with  slowing  of 
the  heart's  action,  and  great  difficulty  in  respiration.  He  believed  that 
these  results  should  be  attributed  to  other  conditions  rather  than  to 
the  excess  of  carbonic  acid,  because  he  found  later  that  it  was  only 
when  lamps  became  dim  in  an  atmosphere — indicating  a  proportion  of 
about  10  per  cent  of  carbonic  acid  present — that  the  respiration  became 
difficult. 

Seegen  and  Xowak,  in  1879  (10),  believed  they  had  demonstrated  the 
presence  of  poisonous  organic  matter  in  the  expired  breath  by  passing 
it  over  red-hot  cupric  oxide,  but  the  quantity  found  was  so  small  that 
they  failed  to  determine  its  exact  nature  and  i)roperties. 

Hermans,  in  1883  (11),  was  unable  to  detect  any  organic  matter  in  the 
atmosphere  of  a  tin  cage  in  which  several  persons  had  been  confined 
for  a  number  of  hours,  and  found  that  an  atmosphere  containing  from 
2  to  4  per  cent  of  carbonic  a<;id  and  15  per  cent  of  oxygen  was  not  toxic. 

Brown-Sequard  and  d'Arsonval,  in  1887  (12),  reported  that  the  air 
expired  by  men  and  dogs  in  a  state  of  health  has  the  power  of  produc- 
ing toxic  phenomena,  citing  three  seriesof  exi^eriments  on  rabbits  where 
such  x)henomena  were  observed.  In  the  first  series  they  injected  into 
the  vascular  system  of  a  rabbit  4  to  0  c.  c.  of  water  obtained  by  inject- 
ing from  15  to  25  c.  c.  of  pure  filtered  water  into  the  tnichea  of  a  dog. 
In  a  second  series  from  G  to  7  c.  c.  of  a  liquid  obtained  by  condensing 
the  moisture  in  the  exhaled  breath  of  a  man  were  injected  into  the  aorta, 
or  into  a  vein,  of  a  rabbit.  In  the  third  series  from  4  to  G  c.  c.  of  a  liquid 
obtained  by  condensing  the  moisture  in  the  exhaled  breath  of  a  trache- 
otomized  dog  were  used.  The  condensed  liquid  thus  obtained  was  fil- 
tered and  then  injected  either  into  the  jugular  vein  or  the  carotid  artery. 

The  symptoms  observed  were  dilatation  of  the  pupils,  increase  of  the 
heart  beat  to  240, 280,  or  even  320  per  minute,  lasting  for  several  days 
or  even  weeks.  The  temperature  remained  normal,  the  respiratory 
movements  were  generally  slowed,  and  usually  there  was  observed  par- 
alysis of  the  posterior  members.  Choleraic  diarrhea  was  invariably 
present.  Death  usually  took  place  in  a  few  days,  or  at  the  farthest  in 
four  or  five  weeks.  As  a  rule,  it  appeared  that  larger  doses  caused 
labored  respiration,  violent  retching,  and  contracted  i)upils.  A  rapid 
lowering  of  temperature,  0.5^  to  5^  C.,  was  sometimes  observed.  The 
appearances  that  presented  post-mortem  were  much  like  those  observed 
in  cardiac  syncope. 

They  believed  they  had  discovered  a  volatile  organic  poison  in  the 
exhaled  breath  and  the  moisture  condensed  from  it.    This  poison  they 
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believed  to  be  of  the  nature  of  au  organic  alkaloid,  or  a  ptomaine  u* 
unlike  Brieger's  i)tomaine  (12*). 

In  further  reports,  in  1888  (12*'),  they  state  that  none  of  eleven  rabbi 
in  which  the  condensed  pulmonary  vapor  had  been  injected  into  tl 
vascular  system  in  doses  of  12  to  30  c.  c.  survived,  but  of  eight  rabbi 
receiving  au  injection  of  from  4  to  8  c.  c.  three  were  living  after  tl 
lapse  of  from  four  to  live  weeks,  but  were  then  weak.  When  the  flu 
was  injected  under  the  skin  of  tlie  thorax  and  in  the  axilla,  Ave  out 
seven  rabbits  died  rapidly.  The  results  were  much  the  same  as  wh< 
it  was  injected  into  the  blood.  The  quantity  of  the  condensed  liqu 
injected  in  these  seven  was  20  c.  c.  in  one  case,  26  c.  c.  in  three  case 
31  c.  c.  in  one  case,  40  c.  c.  in  one  case,  and  44  c.  c.  in  another  cas 
After  death,  considerable  congestion  of  the  viscera  was  noted,  esp 
cially  of  the  lungs.  No  appearance  of  embolism  was  noted.  The  bra 
and  its  membranes  were  congested,  but  without  visible  lesion.  Tl 
condensed  liquid  turns  concentrated  sulphuric  acid  yellow.  The  poise 
is  reduced  by  ammoniacal  nitrate  of  silver  solution  as  well  as  by  chl 
ride  of  gold.  After  boiling  in  a  close  vessel  it  is  still  toxic,  showii 
that  the  poison  is  not  a  microorganism.  The  boiled  lung  liquid  poiso] 
with  more  rapidity  than  that  which  has  not  been  sterilized,  and  mj 
kill  a  pigeon  and  a  guinea  pig  as  well  as  a  rabbit;  that  it  may  kill  1 
being  injected  into  the  rectum  or  into  the  stomach;  that  a  guinea  p 
two  months  old  was  killed  within  twelve  hours  by  an  injection  of  3  c. 
into  the  peritoneal  cavity.  If  injected  into  the  lungs  this  liquid  pr 
duces  rapid  congestion  followed  by  true  inflammation  and  red  hepa 
zation. 

In  an  experiment  with  two  dogs  it  was  arranged  that  one  breath< 
ordinary  air  and  the  second  inhaled  air  which  came  from  the  lungs 
the  other.    The  dogs  were  of  the  same  weight,  15  kilograms.    Tl 
experiment  continued  for  six  hours  and  forty  minutes.    No  appreciah 
or  immediate  consecutive  accidents  were  produced. 

In  a  second  experiment  the  pulmonary  liquid  was  collected  from  do; 
through  a  tracheotomy  tube,  to  exclude  impurities  furnished  bj-  tl 
mouth.  The  air  inlialed  was  first  washed  to  remove  dust.  The  moi 
ture  in  the  air  expired  was  condensed,  and  the  liquid  collected  in  a  flai 
surrounded  by  ice.  At  the  moment  of  injection  this  liquid  was  flltere 
and  was  then  injected  at  the  temperature  of  the  laboratory,  about  1 
C.  If  the  animal  was  kept  immovable  from  twelve  to  sixteen  houi 
inflammation  of  the  air  passages  was  produced.  The  liquid  of  the  fir 
hours  came  from  a  thoroughly  sound  lung,  and  in  the  later  hours  fro 
a  diseased  lung.  The  two  were  collected  separately  and  tried  sep 
rately.  For  1  kilogram  of  the  animal,  for  each  hour,  the  mean  quanti 
of  fluid  obtained  was  0.38  gram,  varying  from  0.28  to  0.48  gram.  It  w 
greater  in  the  beginning  and  lessened  the  longer  the  animal  was  ke 
in  a  fixed  position.  It  was  injected  into  the  marginal  vein  of  the  e 
of  a  rabbit  by  means  of  a  syiunge,  75  c.  c.  being  injected.     When  tl 
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injection  did  not  exceed  40  to  50  c.  c.  the  time  occupied  by  the  injection 
was  from  six  to  fifteen  minutes.  Experiments  made  by  injections  upon 
the  dog  were  negative  without  exception.  Experiments  made  upon 
the  rabbit  produced  lesions,  but  the  relation  between  these  and  the 
injections  is  uncertain. 

Dastre  and  Loye,  in  1888  (13),  reported  that  they  had  exposed  one 
dog  to  the  expired  breath  of  another  for  six  hours  without  noting 
any  elfects.  They  inoculated  animals  with  the  condensed  moisture 
of  respiration,  as  follows: 


Animals. 


Five  rabbits  (each) 

Two  guinea  pigs  (eacb). 

Two  dogs  (each) 

Two  frogs  (each) , 

T  wo  rabbits  (each) 

A  young  dog  (oacli) 


Quantity  of 
fluid. 

Results. 

Cubic  eenti- 

meter*. 

33  to    75 

Xegative. 

5  to     7 

Do. 

30  to   53 

Do. 

2to     3 

Do. 

50  to  190 

Died. 

a30 

Do. 

a  Of  water. 

They  found  that  50  to  70  c.  c.  of  the  condensed  fluid  of  respiration  (20 
to  35  c.  c.  per  kilogram)  could  be  injected  into  the  veins  of  the  ear  of 
a  dog  without  producing  any  of  the  symptoms  reported  by  Brown- 
S^quard  and  d'Arsonval.  They  observed  one  death  during  the  injec- 
tion of  190  c.  c.  (60  c.  c.  per  kilogram),  yet  by  control  experiments  with 
water  they  obtained  a  more  remarkable  result — a  rapid  death  from  the 
injection  of  30  c.  c.  of  distilled  water  (25  c.  c.  per  kilogram). 

Eusso-Giliberti  and  Alessi,  in  1888  (14),  reported  experiments  con- 
firming the  results  obtained  by  Dastre  and  Loye. 

Brown-Sequard  and  d'Arsonval,  in  1889  (15),  reporti^d  a  new  form  of 
experiment,  by  means  of  which  they  obtained  additional  evidence  in 
support  of  their  former  statements.  The  new  form  of  experiment 
consisted  in  confining  animals  (rabbits)  in  a  series  of  metallic  cages  con- 
nected by  means  of  rubber  tubing,  through  which  a  constant  current 
of  air  is  aspirated.  The  animal  in  the  last  cage  of  the  series  receives 
air  that  has  traversed  the  entire  series  of  cages,  and  is  loaded  with  the 
impurities  from  the  lungs  of  the  animals  in  the  other  cages.  This 
animal  succumbs,  after  a  time,  to  the  atmospheric  conditions  present. 
After  another  interval  of  some  hours  the  animal  in  the  next  to  the  last 
cage  also  dies,  the  first  and  second  animals  usually  remaining  alive. 
They  could  not  attribute  the  death  of  these  animals  to  excess  of  car- 
bonic acid  in  the  atmosphere  of  the  cages,  because  they  rarely  found 
more  than  3  per  cent  of  this  gas  in  the  last  jar  with  small  animals,  or 
6  per  cent  with  larger  animals.  On  placing  absorption  tubes  contain- 
ing concentrated  H2SO4  between  the  last  two  cages,  the  animal  in  the 
last  cage  remained  alive,  while  that  in  the  cage  before  it  was  the  first 
to  die.    They  concluded  from  these  facts  that  the  death  of  the  animals 
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was  produced  by  a  volatile  poison,  which  poison  is  absorbed  by 
H2SO4,  which  thus  saves  the  life  of  the  animal  in  the  last  cage. 

They  stated  (16)  that  any  alkali  used  to  absorb  carbonic  acid  fi 
expired  air  would  also  change  the  organic  poison,  and  proposed 
apparatus  by  means  of  which  the  organic  poison  should  be  suppliec 
tlie  fresh  air  entering  the  jars  by  vohitilizing  it  from  fluid  conden 
from  the  expired  air. 

y,  Hofmann-Wellenhof,  in  1888  (17),  found  that  when  he  injec 
large  quantities  of  the  condensed  fluid  of  respiration  at  12*^  0.,  insti 
of  at  37^  0. — intravenous  injection — a  resemblance  of  the  resi 
obtained  by  Brown- Sequard  and  d'Arsonval  was  produced.  Un 
such  circumstances  he  observed  muscle  weakness,  slowing  of  resp; 
tion,  fall  of  temperature,  and  dilatation  of  the  pupils,  though  the  i 
mals  remained  alive.  He  injected  ten  rabbits  with  6  to  30  c.  c.  of 
fluid  warmed  to  the  body  temperature,  all  the  results  being  negati 
Three  other  animals  were  injected  in  the  jugular  vein,  one  receiving 
c.  c.  of  the  fluid,  another  25  c.  c.  of  distilled  water,  and  a  third  50  c.  c 
distilled  water.  There  was  no  difference  in  the  symptoms  noted  in 
animals.  He  noticed  symptoms  of  depression  only  after  injecting 
c.  c,  or  more,  of  the  fluid.  In  a  series  of  seventeen  experiments  w 
inoculations  of  from  30  to  50  c.  c.  each  of  the  fluid,  in  twelve  th 
appeared  htemoglobinuria;  six  of  these  died.  As  the  result  of 
experiments,  he  concluded  that  the  existence  of  a  volatile  poison 
the  expired  air  of  healthy  human  beings  has  not  been  demonstra 
by  his  experiments,  this  being  a  direct  contradiction  of  the  results 
Brown-Sequard  and  d'Arsonval,  as  were  also  those  of  Dastre  i 
Loye. 

Uffelmann,  in  1888  (18),  found  that  there  was  a  perceptible  incre 
in  organic  matter  in  the  atmosphere  of  a  sleeping  room  occupied 
several  persons  for  some  hours,  increasing  in  amount  witli  the  leuj 
of  time  the  room  was  occupied. 

Lebmann  and  Jessen,  in  1890  (19),  collected  15  to  20  c.  c.  of  the  c 
densed  fluid  per  hour  exhaled  from  the  breath  of  a  person  breath 
through  a  glass  spiral  laid  in  ice.  The  fluid  was  always  clear  as  wal 
odorless,  and  of  neutral  reaction.  Nessler's  reagent  showed  the  pi 
ence  of  ammonia  constantly,  with  good  teeth  but  little,  sometimes  mer 
a  trace,  with  bad  teeth,  more,  though  never  more  than  10  milligram 
NIT4CI  in  1  liter.  Traces  of  HCl  were  also  constantly  found.  A  sn 
sediment  remained  on  evaporation,  ranging  from  39  to  86.4  milligra 
I)er  liter  of  fluid.  This  they  believed  to  originate  from  the  glass  ^ 
sel;  probably  calcium  oxalate.  They  tested  its  reducing  power  u] 
solution  of  permanganate  of  i^otash,  making  two  control  determinate 
The  first  determination  showed  3.0  milligrams  of  O  for  the  oxidatioi 
1  L.;  the  second,  4.2  milligrams  of  O.  They  were  unable  to  obtain  j 
alkaloid  reaction  in  the  condensed  fluid,  or  in  its  distillates,  by  me 
of  rtCU,  AUGI3,  KOdI,  KBil,  KI,  Bouchardet's  reagent,  KjCrOe,  pi< 
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acid,  metawolframic  acid,  or  phosphowolframic  acid.  Only  sabllmate 
gave  at  times  an  opalescence  wUcli,  like  the  yellow  coloration  of  the 
Nessler  reagent,  pointed  to  traces  of  NH3.  Neither  could  they  succeed, 
according  to  the  method  of  Wiirtz,  in  obtaining  a  lime  or  oxalic  acid- 
free  filtrate.  The  ammoniacal  silver  solution,  according  to  Brown- 
S^quard  and  d'Arsonval's  method,  failed  to  give  the  desired  rejiction, 
remaining  clear.  They  confined  a  man,  clothed  in  his  working  clothes, 
in  a  zinc  cage  for  about  one-half  an  hour,  then  allowed  a  boy  and  girl 
to  inhale  the  air  from  the  cage.  No  ill  effects,  except  increase  of  respi- 
rations to  30  and  40  per  minute,  were  noticeable.  They  had  complete 
negative  results  from  inoculations  of  condensed  fluid  into  animals. 

Lipari  and  Crisafulli,  in  1889-90  (20),  reported  results  which  were  in 
accord  with  those  of  Dastre  and  Loye  and  directly  opposed  to  those  of 
Brown-S^quard  and  d'Arsonval.  They  could  find  no  organic  principle 
possessing  toxic  properties  in  the  expired  breath  of  healthy  persons. 

Margouty,  in  1891  (21),  reported  the  results  of  experiments  similar  to 
those  of  Hammond,  and  also  of  experiments  in  injecting  fluid  condensed 
from  expired  air  into  animals.  His  results  did  not  correspond  to  those 
reported  by  Hammond,  and  there  was  no  evidence  of  toxic  properties 
in  the  injected  fluids. 

HaldaTie  and  Smith,  in  1892  (22),  published  an  account  of  experiments 
in  which  an  air-tight  chamber,  6  feet  2  inches  high,  2  feet  11  inches  wide, 
and  3  feet  11  inches  long,  was  employed.  Samples  of  air  for  analysis 
were  drawn  oflF  through  a  tube  placed  in  the  wall  of  the  chamber,  about 
3  feet  from  the  floor.  When  one  person  remained  in  this  chamber  until 
the  vitiation  was  from  ten  to  twenty  times  as  great  as  in  the  most 
crowded  and  worst  ventilated  public  buildings,  there  was  no  percept- 
ible odor  or  sense  of  oppression.  Air  vitiated  to  such  an  extent  as  to 
completely  prevent  a  match  from  burning  had  no  appreciable  effect 
upon  the  subject  of  the  experiment.  In  other  experiments  hyi)erpn(Ba 
and  other  phenomena  produced  were  apparently  due  to  the  increased 
proportion  of  carbonic  acid. 

With  rabbits  weighing  1,800  grams,  hematuria  was  produced  when 
the  amount  of  boiled  distilled  water  injected  passed  beyond  100  c.  c, 
and  therefore  80  c.  c.  were  taken  as  the  maximum  dose. 

To  obtain  the  condensed  liquid  from  the  lungs,  a  man  expired 
through  a  Liebig  condenser,  in  the  jacket  of  which  was  flowing  a 
stream  of  ice-cold  water.  The  condensation  liquid  was  collected  in  a 
flask,  the  bulb  of  which  was  buried  m  ice;  and  when  the  required 
amount  (80  c.  c.)  had  been  obtained,  it  was  at  once  injected  into  the 
subcutaneous  tissue  of  the  back.  Six  rabbits  were  thus  injected,  each 
with  80  c.  c.  of  the  fluid,  with  no  evident  disturbance  of  health  in  any 
of  them;  80  c.  c.  to  a  rabbit  corresponds  to  a  dose  of  about  3  liters  to  a 
man.  They  also  rei)eated  the  experiments  of  Brown- Sc'^quard  and 
d'Arsonval  in  supplying  to  the  animals  air  charged  with  organic  mat- 
ter drawn  directly  from  the  lungs  of  other  animals.    Two  large  rabbits 
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were  placed  in  an  air-tight  chamber  and  a  current  of  air  drawn  through 
this  was  supplied  to  two  young  rabbits  under  observation;  no  effect 
was  produced. 

Merkel,  in  1892  (23),  reported  an  experiment  in  which  four  air-tight 
glass  vessels,  of  IJ  liters'  capacity,  were  connected  by  means  of  glass 
tubes,  a  mouse  being  placed  in  each  vessel.  Between  the  third  and 
fourth  vessels  a  Geissler  absorption  tube  containing  sulphuric  acid 
was  interposed.  Air  was  now  drawn  slowly  through  the  vessels  by 
means  of  an  aspirator,  so  that  the  second  mouse  breathed  the  air  from 
the  first,  the  third  from  that  of  the  second,  etc.  The  result  was,  just 
as  in  theexperiment  of  Brown- S^quard  and  d'Arsonval,  that  the  mouse 
in  the  third  vessel  died  first,  after  sixteen  to  twenty  hours,  while  that 
in  the  fourth  vessel  remained  alive. 

The  conclusion  is  drawn  that,  as  the  fourth  mouse  remained  alive, 
the  death  of  the  third  can  not  have  been  due  to  excess  of  carbonic 
acid,  or  deficiency  of  oxygen  in  the  air,  but  must  have  been  caused  by 
the  presence  of  some  volatile  substance  which  is  absorbed  or  destroyed 
by  sulphuric  acid. 

The  symptoms  presented  by  the  mice  before  death  were  at  first  rest- 
lessness and  gradually  increasing  acceleration  of  respiration,  afterwards 
slowing  of  respiration,  and  finally  spasmodic,  deep  respirations,  becom- 
ing constantly  less  frequent  until  the  advent  of  death.  The  proportion 
of  carbonic  acid  in  the  air  led  through  the  glass  vessels  was  not  poison- 
ous; it  amounted  in  the  highest  case  to  1.5  per  cent. 

He  concludes  that  the  expired  breath  of  healthy  persons  contains  a 
volatile  poison  in  extremely  small  quantities,  being  probably  a  base 
whicli  is  poisonous  in  its  gaseous  state,  but  loses  its  toxicity  after 
combination  with  acids.  His  belief  in  the  toxicity  of  the  organic 
matter  contained  in  the  expired  breath  of  human  beings  is  based  solely 
upon  the  results  he  obtained  in  the  Brown -Sequard  and  d'Arsonval 
exi)eriment. 

Haldane  and  Smith,  in  1893  (24),  repeated  the  Brown-S6quard  ex- 
periment, using  five  bottles,  each  of  a  capacity  of  1  to  1 J  liters,  con- 
nected by  means  of  tubes.  A  mouse  was  placed  in  each  bottle,  and 
ventilation  established  through  the  whole  system  by  means  of  a  filter 
X>ump,  a  small  gas-meter  being  placed  between  the  last  bottle  and  the 
pump.  Specimens  of  air  leaving  the  last  bottle  were  drawn  off  at 
intervals  for  analysis.  Full-grown  mice  were  used.  The  mice  in  the 
last  two  bottles  were  exposed  to  the  full  effect  of  the  vitiated  air  for 
fiftv-three  hours  without  detriment. 

In  a  second  experiment  an  absorption  tube  containing  pumice  stone 
saturated  with  sulphuric  acid  was  placed  between  the  last  two  bottles. 
This  experiment  was  continued  for  thirty  hours;  no  serious  effects 
were  observed.  The  amount  of  ventilation  furnished  was  from  15  to  24 
liters  per  hour.  The  mice  remained  normal  after  having  been  in  the 
bottle  three  days,  and  the  percentage  of  carbonic  acid  in  the  last  bottle 
had  varied  from  2.4  to  5,2,  averaging  about  3  per  cent. 
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They  state  that  these  experiments,  like  their  former  ones  on  rabbits 
and  man,  are  distinctly  against  the  theory  that  a  volatile  x)oison  other 
than  carbonic  acid  exists  in  the  expired  air. 

Ben,  in  1893  (25),  reported  the  results  of  experiments,  made  under 
the  direction  of  Uffelmann,  in  which  the  condensed  moisture  of  expired 
air  was  collected  by  the  methods  usually  employed,  taking  the  precau- 
tion to  cleanse  his  apparatus  with  solution  of  KMnO^  and  distilled 
water,  and  likewise  sterilizing  the  apparatus  before  it  was  brought 
into  use.  The  saliva  is  collected  in  a  Woulff  bottle  attached  before 
the  condenser.  The  amount  of  air  expired,  measured  by  a  gas  meter, 
was  found  to  be  3,000  liters  in  eight  hours,  from  which  he  collected 
100  c.  c.  of  Huid.  A  distinct  ammonia  reaction  was  obtained  upon 
the  addition  of  Nessler's  reagent.  Nitrate  of  silver  failed  to  show  the 
presence  of  chlorine. 

Its  reducing  power  upon  solution  of  permanganate  of  potash  showed 
50  milligrams  of  oxygen  necessary  to  oxidize  1  liter  of  fluid,  or  15  mil- 
ligrams in  twenty-four  hours,  which  denotes  0.0017  milligrams  per  liter 
of  expired  air,  The  alkaloid  reaction  with  AuCls,  KI,  phosphomolyb- 
date  of  potash,  gave  negative  results. 

He  expired  500  liters  through  150  c.  c.  of  a  1  per  cent  solution  of 
HOI,  then  evaporating  to  dryness  on  the  water  bath.  A  yellowish- 
brown  deposit  remained.  This  deposit,  dissolved  in  distilled  water, 
formed  a  fatty  layer  on  the  surfa<;e  of  the  slightly  yellow  fluid.  The 
whole  quantity,  1.5  grams,  was  warmed  to  the  body  temperature  and 
injected  under  the  skin  of  the  back  of  a  white  mouse  without  produc- 
ing observable  symptoms.  This  fluid  had  a  distinct  odor  not  compar- 
able to  anything. 

He  next  confined  a  mouse  in  a  sealed  glass  vessel,  having  a  globe 
attached,  with  potash  solution  to  absorb  the  carbonic  acid ;  3,200  expi- 
rations of  air  were  conducted  into  the  glass  vessel  during  the  three 
hours;  no  effect  noticeable.  In  a  second  experiment  the  carbonic  acid 
was  not  absorbed,  the  experiment  lasting  four  hours;  no  effect. 

He  repeated  the  Brown-S^quard  experiment,  using  white  mice  in 
four  glass  cages.  The  death  of  the  animals,  he  believes,  was  due  to 
changes  in  the  temperature  and  the  accumulation  of  moisture  in  the 
jars.  He  believes  the  protection  afforded  by  H2SO4  in  Brown-S^quard 
and  d'Arsonval's  experiments  was  due  to  its  abstraction  of  the  mois- 
ture from  the  air.  An  acute  poisoning  through  the  organic  matters 
contained  in  the  expired  air  he  believes  to  be  impossible,  at  least  as  not 
shown  by  anything  in  his  experiments. 

Bauer,  in  1893  (26),  used  white  mice  conflncd  in  glass  vessels  of 
about  1 J  liters'  capacity,  the  bottom  of  which  was  covered  with  oats. 
The  cork  was  perforated  by  three  tubes.  One  of  these  pa^ssed  down 
near  the  bottom  of  the  vessel  and  served  for  the  entrance  of  air;  the 
second  terminated  just  below  the  cork  and  served  for  the  exit  of  air, 
and  the  third  extended  down  to  about  the  height  of  the  animal,  but 
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was  usually  closed;  this  was  only  used  for  the  removal  of  air  for  its 
chemical  examination.  In  the  beginning  thermometers  and  hygrome- 
ters were  used  in  the  vessels,  but  they  were  found  to  be  unimportant 
and  were  abandoned.  The  whole  apparatus  was  connected  with  a  large 
aspirator. 

In  an  exi)eriment  with  five  animals  and  a  ventilation  of  4  liters  per 
hour,  the  carbonic  acid  was  found  to  amount  to  9.3  per  cent  after  five 
hours.  In  another  experiment  with  six  animals  and  with  a  ventilation 
of  2i  liters  per  hour,  he  inserted  four  absorption  tubes,  with  soda  lime 
between  the  last  two  jars,  and  a  Geissler  tube  containing  concentrated 
H2SO4  between  the  fourth  and  fifth.  The  sixth  animal  remained  alive, 
while  the  fifth  died  earlier  than  the  fifth  animal  in  the  first  experi- 
ment. He  concludes  that  there  is  no  organic  poison  in  expired  air, 
death  being  due  to  the  excess  of  carbonic  acid  in  the  atmospheres  of 
the  jars. 

Sanfelice,  in  1893  (27),  reported  that  he  had  repeated  the  Ham- 
mond experiment,  using  a  flask  of  about  5  liters'  capacity,  the  animal 
dying  in  six  or  seven  hours.  He  is  undecided  as  to  the  existence  of  a 
volatile  expiratory  poison,  though  he  thinks  that  other  factors,  for 
instance,  heat  radiation,  have  an  important  influence  ujion  the  results. 

Liibbert  and  Peters,  in  1894  (28),  reported  that  they  had  repeated 
the  Brown-S^quard  experiment,  placing  a  guinea  pig  in  each  of  a 
series  of  four  flasks.  Between  the  third  and  fourth  flasks  they  placed 
a  combustion  tube  through  which  the  air  coming  from  the  third  flask 
was  conducted,  passing  over  red-hot  cupric  oxide,  to  remove  the  organic 
matter.  Before  reaching  the  fourth  flask,  the  Jiir  was  again  cooled  by 
conducting  it  through  a  cylinder  surrounded  with  ice.  In  this  manner 
all  moisture  contained  in  the  air  was  condensed.  From  this  cylinder  the 
air  passes  through  a  series  of  twelve  U-tubes,  each  made  from  a  piece  of 
tubing  80  centimeters  in  length  and  of  2  millimeters  internal  diameter. 
During  its  passage  through  these  U-tubes  the  air  assumed  a  tempera- 
ture of  about  18^  C.  as  it  entered  the  fourth  flask.  The  results  obtained 
by  this  arrangement  substantiated  the  conclusions  they  had  formed  from 
conducting  the  experiment  in  the  ordinary  manner,  that  the  cause  of 
death  was  traceable  to  the  high  per  cent  of  carbonic  acid.  The  removal 
of  the  organic  matter  by  combustion  failed  to  save  the  life  of  the  animal 
in  the  last  jar  when  the  carbonic  acid  had  increased  to  11  or  12  per  cent. 
After  the  absoriition  of  the  carbonic  acid  by  means  of  soda  lime  the 
last  animal  remained  alive.  They  conclude,  therefore,  that  the  poison- 
ous expiratory  poison  of  Brown-Sequard  and  d'Arsonval  does  not  exist, 
but  that  death  is  produced  by  the  excess  of  carbonic  acid  in  the  flasks. 

Brown-Sequard  and  d'Arsonval,  in  1894  (29),  reported  further  exper- 
iments, and  at  the  same  time  gave  fuller  details  as  to  all  their  experi- 
ments and  the  apparatus  employed.  They  had  inoculated  over  100 
animals  with  the  condensed  fluid  of  respiration  and  believed  in  the 
truth  of  their  former  siatements  as  firmly  as  ever.    They  could  not 
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understand  the  failures  on  the  part  of  the  other  experimenters.  They 
emphatically  reaffirm  that  the  expired  breath  of  man  and  animals  con- 
tains a  volatile  organic  poison  producing  the  results  reported  by  them, 
and  that  these  results  are  not  produced  by  excess  of  carbonic  acid  or 
deficiency  of  oxygen  in  the  air. 

From  the  foregoing  summary  of  the  reports  of  different  experimenters, 
it  will  be  seen  that  widely  different  results  have  been  reported  by  them, 
but  that  the  majority  of  the  later  investigators  agree  in  denying  that 
the  exhaled  breath  of  healthy  human  beings  or  of  animals  contains  a 
l)oisonous  organic  alkaloid,  or  any  poisonous  product  other  than  car- 
bonic acid,  yet  in  any  case  positive  results  require  an  explanation 
which  shall  account  for  the  facts. 

DR.  BKRGEY'S   EXPERIMENTS. 

The  first  experiments  made  by  Dr.  Bergey  were  to  ascertain  whether 
the  condensed  moisture  of  air  expired  by  man  in  ordinary,  quiet  respi- 
ration contains  any  particulate  organic  matters,  such  as  microorgan- 
isms, epithelial  scales,  etc.  The  test  for  microorganisms  was  ma<le  by 
having  an  adult  man  expire  for  from  twenty  to  thirty  minutes  through 
sterilized  melted  gelatin,  which  was  then  preserved  as  a  culture  for 
from  twenty  to  thirty  days.  In  the  first  trial,  six,  and  in  the  second, 
two  colonies  of  common  air  organisms  developed;  but  when  special 
care  was  taken  to  thoroughly  sterilize  the  vessels  used,  the  result  was 
that  in  two  consecutive  trials  the  gelatin  remained  sterile.  Epithelial 
scales  and  other  particulate  matters  were  sought  for  by  condensing  the 
vapor  of  the  exhaled  breath  and  examining  the  product  with  the  micro- 
scope, with  and  without  the  use  of  stains.  In  six  preparations  thus 
examined  no  bacteria  or  epithelial  cells  were  found.  This  result  was 
to  be  expected,  since  neither  bacteria  nor  wetted  particles  pass  into  the 
air  from  the  surface  of  fluids,  or  from  moist  surfaces,  unless  the  air 
currents  are  sufficiently  powerful  to  take  up  particles  of  the  liquid 
itself  in  the  form  of  spray. 

Abbott  (30),  in  his  paper  on  sewer  gas,  reports  some  experiments  made 
to  determine  the  possibility  of  conveying  microorganisms  from  liquid  cul- 
ture media  by  means  of  a  current  of  air  bubbling  through  such  media; 
also  by  means  of  ordinary  baker's  yeast  inoculated  into  media  contain- 
ing from  4  to  5  per  cent  of  glucose.  No  bacteria  were  carried  from  the 
culture  by  the  exploding  air  bubbles  produced  by  the  yeast,  but  a  cur. 
rent  of  air  equal  to  3J  liters  in  six  hours,  bubbling  through  a  li<|uid 
culture,  carried  with  it  some  of  the  organisms  in  the  culture. 

The  determinations  of  ammonia  in  the  condensed  fluid  of  expired  air, 
the  estimation  of  its  reducing  power  upon  solution  of  permanganate 
of  potash,  and  its  reaction  with  various  reagents,  w  ere  made  with  fluids 
collected  from  a  healthy  man,  from  a  man  with  a  tracheal  fistula  follow- 
ing excision  of  the  larynx,  the  expired  air  not  coming  in  contact  with 
the  mouth  or  the  pharynx,  and  from  a  man  suffering  from  well-marked 
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tuberculosis  of  the  lungs.  In  each  case  the  amount  of  ammonia  and  of 
albuminoid  ammonia  in  the  fluid  was  very  small,  the  average  being,  in 
grams  per  liter  of  fluid : 


Freo  am-   |  Albuminoid 
monia.     ,  aiuraonia. 


Healthy  man 0. 019 

Man  with  tracheal  tiHtula |        .  00046 

CouBumptivo .  003 


0.081 
.00036 
.0034 


The  oxidizablc  matter  iu  these  fluids,  as  shown  by  their  reducing 
IK)wer  on  a  solntion  of  x)ermanganate  of  potash,  was  determined.  The 
average  results,  stated  in  milligrams  of  oxygen  consumed  per  liter  of 
condensed  fluid,  are  as  follows:  Healthy  man,  10.72;  man  with  tracheal 
fistula,  13.49;  consumptive,  19.34.  The  high  average  for  the  man  with 
the  tracheal  fistula  is  due  to  a  single  observation,  for  which  the  figure 
was  24.916.  Omitting  this,  the  average  for  the  three  other  observations 
would  be  9.68. 

The  average  for  five  specimens  of  fluid  condensed  from  the  expired 
air  of  a  healthy  man  four  hours  after  he  had  taken  a  meal  was  11.98, 
while  tlie  average  for  six  specimens  from  the  breath  of  the  same  man 
half  an  hour  after  the  meal  was  only  3.86.  For  two  specimens  from  the 
same  man  collected  three  and  a  half  and  four  hours  after  a  meal,  but 
just  after  the  mouth  had  been  thoroughly  rinsed  with  warm  water,  the 
average  was  2.49.  These  results  indicate  that  the  ammonia  and  oxi- 
dizable  organic  matter  in  the  condensed  fluid  were,  to  a  large  extent, 
due  to  products  of  decomposition  of  organic  matters  in  the  mouth.  The 
well-known  fact  that  the  amount  of  oxygen  absorbed  and  of  carbonic 
acid  given  off  varies  according  to  whether  tlie  person  is  fasting  or  has 
recently  taken  a  meal,  may  possibly  be  in  part  due  to  the  same  cause, 
but  the  results  obtained  by  Birkholz  (31)  indicate  that  it  can  only  be 
in  part.  Kansome  (8)  reports  no  marked  difference  in  the  amount  of 
ammonia,  or  of  oxidizable  organic  matter,  as  determined  by  the  per- 
manganate test,  contained  in  the  fluids  collected  from  the  exhaled 
breath  soon  after  a  meal  and  in  that  collected  from  a  fasting  i)erson. 
Beu  (25)  fonnd  a  much  higher  proportion  of  oxidizable  matter  in  the 
fluid  condensed  from  his  own  breath  (50  milligrams  of  oxygen  required 
per  liter  of  fluid)  than  was  found  in  Dr.  Bergey's  experiments.  His 
results  indicated  the  exhalation  of  15  milligrams  of  organic  matter  in 
twenty-four  hours,  the  corresponding  figure  from  Eausome's  results 
being  20  milligrams.  About  12  c.  e.  of  fluid  was  collected  from  about 
335  liters  of  air  expired  per  hour,  being  nearly  equal  to  the  results 
obtained  by  Beu  (25),  who  condensed  100  c.  c.  of  the  fluid  from  3  cubic 
meters  of  air  expired  in  eight  hours. 

Renk  (32,  p.  162;  gives  a  table  showing  that  in  an  average  quantity 
of  9,000  liters  of  air  expired  in  a  day  by  a  healthy  man,  the  amount  of 
moisture  may  be  from  200  to  400  grams,  depending  on  the  temperature 
SM  95 26 
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and  relative  humidity  of  the  inspired  air.  With  air  containing  50  per 
cent  of  moisture  inspired  at  25°  C,  the  amount  of  moisture  is  293  grams, 
or  about  the  result  given  by  Beu,  referred  to  above. 

Lehmann  and  Jessen  (19)  found  that  between  3  and  4  milligrams  of 
oxygen  were  required  in  1  liter  of  fluid  to  effect  oxidation,  and  note 
that  more  ammonia  was  present  in  the  fluid  collected  from  a  person 
with  decayed  teeth  than  in  that  obtained  from  a  person  whose  teeth 
were  sound.  The  very  considerable  diff'erences  in  the  amounts  of 
ammonia  and  of  oxidizable  matter  found  in  the  fluid  condensed  from 
expired  air  by  diflPerent  experimenters,  and  by  the  same  experimenter, 
in  fluids  obtained  from  the  same  person  at  different  times,  are  probably 
due  to  several  different  causes  and  their  combinations.  The  amount 
of  fluid  condensed  per  liter  of  expired  air  varies  from  0.903  to  0.004  c.  c. 
The  soundness  and  cleanliness  of  the  mouth  and  teeth  influence  the 
amount  of  ammonia  and  oxidizable  matter  expired.  Variations  in  the 
amount  of  organic  matter  contained  in  the  inhaled  air  may  possibly 
influence  the  result,  but  this  influence  must  be  slight.  Ransouie's 
results  indicate  that  the  age,  health,  and  vigor  of  the  person  may  affect 
the  amount  of  organic  matter  exhaled,  and  Dr.  Bergey's  experiments 
with  the  fluid  obtained  from  the  consumptive  patient  show  that  a  smaller 
proportion  of  ammonia  and  a  larger  amount  of  oxidizable  matter  were 
present  in  it  than  in  the  fluid  collected  from  a  healthy  man.  It  should 
be  remembered,  also,  that  it  is  extremely  difficult  to  obtain  accurate 
results  in  quantitative  determinations  of  such  very  minute  amounts  of 
ammonia  and  oxidizable  matters  as  are  found  in  expired  air,  and  a 
part  of  the  differences  in  results  obtained  is  no  doubt  due  to  unnoted 
differences  in  the  details  of  the  experiment. 

The  results  of  tests  for  the  presence  of  an  organic  alkaloid  in  the 
condensed  fluids  obtained  by  Dr.  Bergey  were  negative,  corresi)onding 
to  those  reported  by  liehmann  and  Jessen  (19)  and  by  Ben  (25). 

The  results  of  attempts  to  condense  the  moisture  of  the  air  in  the 
hospital  ward  were  not  satisfactory,  and  the  determinations  of  ammonia 
in  the  fluid  obtained  are  not  comparable,  except  they  show  that  the 
placing  of  a  dust  Alter  in  front  of  the  condensing  apparatus  causes 
a  marked  reduction  in  the  proportion  of  ammonia  in  the  condensed  fluid. 
The  evaporation  equaled  the  condensation  except  on  dsiys  when  the 
external  air  was  saturated  with  moisture,  hence  no  moisture  was  col- 
lected on  clear  days,  but  on  such  days  some  dust  particles  may  have 
accumulated  in  the  apparatus  which  had  no  Alter. 

Several  series  of  experiments  were  made  to  determine  the  nature 
of  the  gaseous  mixtures  in  which  small  animals  die  with  symptoms  of 
asphyxia.  The  flrst  of  these  series  were  repetitions  of  the  experiments 
reported  by  Hammond  and  described  above.  Mice  and  sparrows  were 
used.  It  was  found  impossible,  by  Hammond's  method,  to  absorb  all 
the  carbonic  acid  produced  by  an  animal.  At  the  time  of  death  of  the 
sparrows,  the  carbonic  acid  had  increased  until  it  formed  fh)m  12.27 
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to  14.08,  or  au  average  for  eight  experiments  of  13.24  per  cent  of  the 
air,  while  the  oxygeu  had  diminished  to  from  3.25  to  5.61,  or  an  average 
of  4.67  per  cent  of  the  air.  The  symptoms  observed  were  those  pro- 
duced by  insufficiency  of  oxygen,  and  there  was  no  evidence  that  death 
was  due  to  organic  matters  in  the  air.  The  duration  of  life  in  the  ani- 
mals confined  was  from  three  to  six  hours,  being  much  longer  than  that 
reported  by  Hammond,  using  a  slightly  smaller  vessel,  viz,  less  than 
one  hour,  and  corresponds  to  the  results  reported  by  Sanfelice  (33), 
who  found  that  the  animals  lived  from  six  to  seven  hours.  When  the 
experiment  was  so  modified  that  all  the  carbonic  acid  was  removed 
from  the  air  breathed  by  the  animal,  the  animal  did  not  die  in  seven 
hours,  although  the  percentage  of  oxygen  had  been  reduced  to  18.35. 
These  experiments,  therefore,  furnish  no  evidence  of  the  existence  of 
an  organic  poison  in  the  expired  air,  but  the  method  of  absorbing 
carbonic  acid  by  an  alkali  is  said  by  Brown-Sequard  and  d'Arsonval 
(16)  to  change  the  organic  poison  which  they  claim  to  be  present,  and 
hence  these  experiments  are  not  conclusive  on  this  point. 

A  series  of  experiments  was  also  made  upon  mice  and  sparrows  to 
determine  the  time  required  to  produce  death  by  asphyxia  when  the 
animal  is  confined  in  a  jar  of  known  capacity,  when  no  provision  is 
made  for  removing  carbonic  acid  and  moisture,  or  for  supplying  fresh 
air,  and  also  to  determine  the  proportions  of  carbonic  acid  and  of  oxy- 
gen existing  in  the  inclosed  air  at  the  time  of  death.  In  connection 
with  these  experiments,  it  was  also  sought  to  determine  the  influence 
which  high  or  low  temperatures  of  the  air  would  have  on  the  result. 

A  mouse  weighing  21  grams,  placed  m  ajar  of  1,000  c.  c.  capacity  at 
a  temperature  of  30^  C,  lived  four  hours;  in  ajar  of  2,000  c.  c.  capacity 
a  similar  mouse  lived  seven  and  a  half  hours;  in  one  case  when  the 
room  temperature  was  25.5°  C,  in  another  case  when  the  room  temper- 
ature was  50  C.  In  the  first  case,  death  occurred  when  the  amount  of 
carbonic  acid  was  12  and  that  of  the  oxygen  8.6  per  cent  of  the  mix- 
ture; in  the  second  case,  the  proportions  were  13.2  per  cent  of  carbonic 
acid  and  6.4  per  cent  of  oxygeu;  and  in  the  third  case,  10  per  cent  of 
carbonic  acid  and  9.2  x)er  cent  of  oxygen.  There  are  considerable  dif- 
ferences in  susceptibility  to  the  effects  of  an  impure  atmosphere  in 
individual  mice,  but  when  a  mouse  is  placed  in  a  closed  jar  containing 
ordinary  atmospheric  air,  the  time  required  to  produce  death  is  usually 
that  required  to  produce  the  proportions  of  carbonic  acid  and  of  oxy- 
gen indicated  above,  and,  hence,  is  in  proportion  to  the  size  of  the  jar. 
A  mouse  should  live  about  twice  as  long  in  a  jar  of  2,000  c.  c.  as  in  one 
of  1,000  c.  c,  other  conditions  as  to  temperature,  etc.,  being  the  same, 
and  commencing  with  ordinary  atmospheric  air. 

The  duration  of  life  in  the  experiments  with  atmospheric  air  in  closed 
vessels,  making  due  allowance  for  variations  in  the  air  volume,  coin- 
cides quite  closely  with  the  duration  of  life  in  the  Hammond  experi- 
ment.   The  air  analyses  at  death  of  the  animals  in  the  two  forms  of 
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experiment,  also  gave  very  similar  results.  In  comparing  the  results 
it  is  necessary  to  bear  in  mind  the  differences  in  the  size  of  the  jars  and 
in  the  weight  of  the  animals  used  in  the  several  experiments.  As  a 
general  rule,  the  animal  dies  when  the  carbonic  acid  has  increased  to 
between  12  and  13  per  cent  and  the  oxygen  has  diminished  to  between 
6  and  6  per  cent.  Is  death  due  to  the  increase  in  the  carbonic  acid,  or 
to  the  diminution  in  the  oxygen,  or  to  both! 

Some  data  for  answering  this  question  are  presented,  showing  the 
results  obtained  by  placing  animals  in  gaseous  mixtures  containing 
various  proportions  of  carbonic  acid,  oxygen,  and  nitrogen.  The  ani- 
mals experimented  on  were  mice,  rats,  rabbits,  guinea  pigs,  and  spar- 
rows. The  diminution  in  oxygen  in  the  inspired  air  was  the  most 
important  factor  in  producing  death,  and  so  long  as  the  oxygen  is  pres- 
ent in  the  proportion  of  6  per  cent  and  upward,  carbonic  acid  may  be 
present  to  the  amount  of  20  per  cent  without  causing  death.  When 
the  carbonic  acid  forms  much  more  than  20  per  cent  of  the  mixture, 
say  30  to  40  per  cent,  the  oxygen  must  form  at  least  12  per  cent  to 
I>reserve  life. 

If  the  proportion  of  oxygen  in  the  mixture  be  reduced,  the  duration 
of  life  is  shortened,  as  will  be  seen  from  the  following  table: 


At  begiuiiiDg  of  experimcint 

At  end  of  experiment. 

No. 

Weight. 

CO. 

0 

N. 

CO. 

0. 
Per  emt. 

N. 

Orams. 

Percent  'Percent 

Per  cent. 

Per  cent. 

Per  cent. 

8 

18 

0 

11.35 

88.65 

6.56 

4.14 

89.3 

9 

15 

0 

11  35 

88.65 

7.43 

3.58 

89 

10 

17 

0 

11  36 

88.65 

7.52 

3. 16            88. 2 

Dura- 
tion of 
life. 


Hour*. 


Capacity 
ot  jar." 


e.  c. 
2,280 
2,280 
2,280 


In  these  experiments,  the  proportion  of  oxygen  was  reduced  to  about 
one-half  of  that  in  the  normal  atmosphere,  and  the  duration  of  life 
was  also  reduced  about  one- half. 

The  toleration  which  is  acquired  by  an  animal  by  prolonged  sojourn 
in  an  atmosphere  which  is  gradually  becoming  richer  in  carbonic  acid 
and  poorer  in  oxygen,  makes  it  impossible  to  compare  the  results  as  to 
duration  of  life  in  such  experiments  with  the  results  of  experiments 
in  which  the  animal  is  placed  at  once  in  an  atmosphere  containing 
abnormal  proportions  of  these  gases,  so  far  as  the  efifects  of  increase  of 
carbonic  acid  and  diminution  of  oxygen  are  concerned,  but  death  does 
not  occur  in  atmospheres  in  which  the  carbonic  acid  does  not  exceed 
10  per  cent  unless  the  oxygen  is  reduced  to  below  7  per  cent  of  the 
mixture. 

A  series  of  experiments  was  made  by  injecting  into  animals  the  fluid 
condensed  from  the  air  expired  by  healthy  persons  and  by  a  man  with 
a  tracheal  fistula,  from  whom  it  was  possible  to  obtain  such  fluid  without 
contamination  from  the  exhalations  from  the  mouth.    The  injections 
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were  made  into  the  general  circulation  in  rabbits,  and  into  the  peri- 
toneal cavities  of  rabbits,  guinea  pigs,  and  white  rats,  following  the 
methods  employed  by  Brown-S^quard  and  d'Arsonval  and  by  V.  Hof- 
mann-Wellenhof.  The  fluid  was  collected  with  the  greatest  care  in  a 
sterilized  apparatus;  subsequent  cultures  made  from  it  indicating  that 
it  was  sterile.  It  was  warmed  to  about  35^  C.  before  injection.  The 
proportion  injected,  as  compared  with  the  body  weight  of  the  animals, 
was,  in  some  instances,  less  than  that  used  by  Brown-S4quard  and 
d^Arsonval,  in  others  greater  than  the  smallest  quantities  used  by  them 
with  fatal  effects. 

In  most  of  the  animals  no  observable  disturbance  of  health  was  pro- 
duced, nor  did  this  condition  alter  in  the  course  of  several  months 
during  which  they  were  kept  under  observation.  One  rabbit  died 
thirty-two  days  after  having  received  an  injection  into  its  peritoneal 
cavity  of  5  c.  c.  of  fluid  condensed  from  the  breath  of  a  man  with  tra- 
cheal fistula.  The  results  of  postmortem  examination  showed  focal 
necrosis  in  the  liver,  but  no  ecchymoses  and  hemorrhages  in  the  lungs 
and  intestines,  such  as  are  reported  as  a  characteristic  result  of  such 
injections  by  Brown  S^quard  and  d'Arsonval.  Three  other  rabbits 
which  had  received  injections  of  the  condensed  fluid,  and  had  remained 
apparently  perfectly  well  from  six  weeks  to  seven  months,  were  killed 
and  careful  post-mortem  examinations  made.  The  results  of  these 
examinations  showed  that  there  was  no  special  disease  or  degeneration 
in  the  organs  of  these  animals. 

The  results  of  this  series  of  experiments  are,  therefore,  in  accord 
with  those  reported  by  V.  Hofmann- Wellenhof,  and  indicate  that  fluid 
condensed  from  the  pulmonary  exhalations  of  man  has  no  toxic  or 
specially  injurious  effect  when  injected  into  animals,  and  that  there  is 
no  evidence  that  such  fluid  contains  an  organic  poison. 

The  attempt  to  collect  condensed  moisture  from  the  air  of  the  hospital 
ward  was  but  partially  successful,  as  has  been  stated  above,  and  a  suf- 
ficient amount  of  the  fluid  to  make  injection  experiments  was  not 
directly  obtained.  To  overcome  this  diflficulty,  the  air  of  the  ward  was 
drawn  over  sterilized  glycerin,  which  was  then  diluted  with  distilled 
water,  and  the  product  injected  into  animals.  Three  of  the  animals 
thus  injected  died  between  four  and  six  weeks  later,  but  the  post-mortem 
examinations  failed  to  show  any  clear  connection  between  the  injection 
and  the  fatal  result.  As  it  was  shown  that  the  fluid  collected  and  that 
the  dust  in  the  ward  contained  several  species  of  bacteria,  including 
pathogenic  forms,  it  was  to  be  expected  that  more  definite  results  would 
have  been  obtained,  but  the  power  of  the  cells  and  tissues  to  resist  the 
pathogenic  organisms  was  sufficient  to  prevent  their  action  in  each  case, 
except,  perhaps,  m  one,  in  which  the  abscess  produced  may  have  been 
due  to  pyogenic  bacteria  in  the  injected  fluid. 

A  number  of  experiments  were  made  in  which  animals,  in  a  series  of 
bell  jars,  were  caused  to  breathe  air  which  became  more  contaminated 
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with  the  products  of  respiration  as  it  passed  through  tlie  series,  beiug 
a  repetition  of  the  experiments  of  Brown- Sequard  and  d'Arsonval. 

In  the  great  majority  of  cases,  death  was  evidently  due  to  the  dimi- 
nution in  the  oxygen  and  increase  in  the  carbonic  acid,  the  proportions 
of  these  gases  present  in  the  jar  when  an  animal  died  beiug  that  as 
reported,  i.  e.,  the  oxygen  was  reduced  to  between  4  and  C  per  cent  and 
the  carbonic  acid  increased  to  from  12  to  14  per  cent.  The  mode  of  death 
of  the  animals  was  similar  to  that  observed  in  slow  asphyxia,  and  the 
results  of  careful  post-mortem  examination  and  microscopic  investiga- 
tion do  not  indicate  the  effects  of  any  organic  poison. 

The  insertion  of  absorption  tubes  containing  caustic  alkalies  between 
the  bell  jars,  to  absorb  the  carbonic  acid,  and  of  concentrated  suljihuric 
acid,  did  not  give  results  corresponding  to  those  reported  by  Brown- 
Sequard  and  d'Arsonval. 

The  mice  became  habituated,  to  a  certain  extent  at  least,  to  the  con- 
ditions under  which  they  were  placed,  and  could  live  in  an  atmosphere 
which  was  almost  immediately  fatal  to  a  fresh  mouse  placed  in  it.  This 
had  already  been  demonstrated  by  Bernard.  In  the  case  of  several 
mice,  this  power  to  resist  the  foul  atmosphere  was  preserved  for  from 
three  to  eight  days  after  they  had  been  removed  from  the  jar,  so  that 
they  had  a  certain  degree  of  permanent  immunity.  Experiments  were 
made  to  see  if  it  was  possible  to  develop  such  an  immunity,  and  the 
results  obtained  indicate  such  a  possibility,  but  further  investigation 
will  be  necessary  to  settle  this  important  point.  At  present  it  is  uncer- 
tain to  what  extent  the  immunity  observed  in  a  few  mice  was  possessed 
by  them  before  they  were  experimented  on,  or  was  produced  by  their 
first  exposures  to  the  vitiated  atmospheres. 

From  the  data  accumulated  with  reference  to  the  composition  of  the 
atmosphere  in  these  bell  jars  by  repeated  analyses  at  short  intervals, 
compared  with  the  results  reported  by  Brown-Sequard  and  d'Arsonval, 
it  seems  probable  that  the  cases  in  which  the  last  animal  in  the  series 
survived  some  of  the  others,  and  a  low  percentage  of  carbonic  acid  was 
found  in  the  jar,  should  be  attributed  entirely  to  defects  either  in 
methods  of  air  analyses  or  in  the  apparatus,  or  in  both.  If,  however, 
the  life  of  the  last  animal  was  apparently  saved  by  H2SO4  in  Dr.  Ser- 
gey's experiments,  it  was  due  to  leakage  in  the  connections  from  the 
increased  resistance  caused  by  the  interposition  of  the  absorption  tube. 
This  is  an  important  fact,  which  is  in  direct  opposition  to  the  theory  of 
Brown -S<^quard  and  d'Arsonval  with  regard  to  the  influence  of  the 
H2S(>4  in  the  absorption  tubes.  The  great  diflferences  in  individual 
susceptibility  of  different  animals  must  also  be  taken  into  account  in 
considering  the  results  of  these  experiments.  In  some  mice  there 
seems  to  be  a  very  considerable  immunity  against  the  asphyxiating 
effect  of  an  atmosphere  poor  in  oxygen  and  rich  in  carbonic  acid. 

The  duration  of  life  of  individual  animals  in  experiments  of  this  kind 
depends  upon  the  size  of  the  bell  jars  in  relation  to  the  size  of  the 
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animal,  on  the  amount  of  fresh  air  supplied,  on  conditions  of  tempera- 
ture and  moisture,  and  on  individual  peculiarities  of  the  animal ;  and 
it  seems  probable  that  variations  in  these  factors  will  account  for  the 
different  results  obtained  by  different  experimenters.  The  symptoms 
in  the  animals  which  died  were  those  of  dccith  by  slow  asphyxia. 

Microscopic  examination  of  the  organs  presented  a  picture  coinciding 
with  the  gross  post-mortem  appearances.  In  the  lungs  the  capillaries 
were  found  to  be  distended  with  blood,  occluding  in  many  cases  the 
lumen  of  the  alveoli  and  air  cells,  and  presenting  a  typical  picture  of 
passive  hypera^mia.  In  the  liver,  kidneys,  and  spleen,  as  well  as  in  the 
intestines,  the  capillaries  were  likewise  overloaded  with  blood.  Patho- 
logical changes  were  but  rarely  noted,  and  some  of  these,  such  as  slight 
proliferation  of  connective-tissue  elements  between  the  tubules  of  the 
kidney,  and  in  rarer  instances,  in  the  interlobular  spaces  of  the  hver, 
are  such  as  are  occasionally  found  in  animals  which  have  not  been  sub- 
jected to  such  conditions,  and  may,  therefore,  have  existed  in  the  ani- 
mals at  the  beginning  of  the  experiment.  All  the  changes  which  were 
constantly  present  may  properly  be  attributed  to  the  action  of  the  car- 
bonic acid  and  the  low  percentage  of  oxygen  in  the  atmosphere,  inter- 
fering with  the  circulation  and  aeration  of  the  blood.  The  lesions 
rei)ortcd  by  Brown-S^quard  and  d'Arsonval  as  characteristic  in  such 
cases  were  not  seen.  No  focal  necroses  or  peculiar  uniform  degenera- 
tive changes  were  found.  The  results  of  these  experiments,  therefore, 
do  not  agree  with  those  reported  by  Brown-Sequard  and  d'Arsonval — 
and  furnish  no  evidence  of  the  existence  of  an  organic  poison  in  the  air 
expired  by  animals. 

CONCLUSIONS. 

1.  The  results  obtained  in  this  research  indicate  that  in  air  expired 
by  healthy  mice,  sparrows,  rabbits,  guinea  pigs,  or  men,  there  is  no 
peculiar  organic  matter  which  is  poisonous  to  the  animals  mentioned 
(excluding  man),  or  which  tends  to  produce  in  these  animals  any  spe- 
cial form  of  disease.  The  injurious  effects  of  such  air  observed  appeared 
to  be  due  entirely  to  the  diminution  of  oxygen,  or  the  increase  of  car- 
bonic acid,  or  to  a  combination  of  these  two  factors.  They  also  make 
it  very  improbable  that  the  minute  quantity  of  organic  matter  con- 
tained in  the  air  expired  from  human  lungs  has  any  deleterious  influence 
upon  men  who  inhale  it  in  ordinary  rooms,  and,  hence,  it  is  probably 
unnecessary  to  take  this  factor  into  account  in  providing  for  the  ven- 
tilation of  such  rooms. 

2.  In  ordinary,  quiet  respiration,  no  bacteria,  epithelial  scales,  or 
particles  of  dead  tissue  are  contained  in  the  expired  air.  In  the  act  of 
coughing  or  sneezing,  such  organisms  or  particles  may  probably  be 
thrown  out. 

3.  The  minute  quantity  of  ammonia,  or  of  combined  nitrogen,  or 
other  oxidizable  matters,  found  in  the  condensed  moisture  of  human 
breath  api)ears  to  be  largely  due  to  products  of  the  decomposition  of 
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organic  matter  which  is  constantly  goiug  on  in  the  mouth  and  pharynx. 
This  is  shown  by  the  effects  of  cleansing  the  mouth  and  teeth  upon  the 
amount  of  such  matters  in  the  condensed  moisture  of  the  breath  and 
also  by  the  differences  in  this  respect  between  the  air  exhaled  through 
a  tracheal  fistula  and  that  expired  in  the  usual  way. 

4.  The  air  in  an  inhabited  room,  such  as  the  hospital  ward  in  which 
experiments  were  made,  is  contaminated  from  many  sources  besides  the 
expired  air  of  the  occupants,  and  the  most  important  of  these  contam- 
inations are  in  the  form  of  minute  particles  or  dusts.  The  experiments 
on  the  air  of  the  hospital  ward  and  with  the  moisture  condensed  there- 
from  show  that  the  greater  part  of  the  ammonia  in  the  air  was  proba- 
bly connected  with  dust  particles  which  could  be  removed  by  a  filter. 
They  also  showed  that  in  this  dust  there  were  microorganisms,  includ- 
ing some  of  the  bacteria  which  produce  iufiammatiou  and  suppuration, 
and  it  is  probable  that  these  were  the  only  really  dangerous  elements 
in  this  air. 

5.  The  experiments  in  which  animals  were  compelled  to  breathe  air 
vitiated  by  the  products  of  either  their  own  respiration  or  by  those  of 
other  animals,  or  were  injected  with  fluid  condensed  from  expired  air, 
gave  results  contrary  to  those  reported  by  Hammond,  by  Brown- 
Sequard  and  d'Arsonval,  and  by  Merkel,  but  corresponding  to  those 
reported  by  Dastre  and  Loye,  Russo-Giliberti  and  Alessi,  Ilofmann- 
Wellenhof,  Bauer,  and  other  experimenters  referred  to  in  the  prelim- 
inary historical  sketch  of  this  report,  and  make  it  improbable  that  there 
is  any  peculiar  volatile  poisonous  matter  in  the  air  expired  by  healthy 
men  and  animals  other  than  carbonic  acid.  It  must  be  borne  in  mind, 
however,  that  the  results  of  such  experiments  upon  animals  as  are 
referred  to  in  this  report  may  be  applicable  only  in  part  to  human 
beings.  It  does  not  necessarily  follow  that  a  man  would  not  be  injured 
by  continually  living  in  an  atmosphere  containing  2  parts  per  1,000  of 
carbonic  acid  and  other  products  of  respiration,  of  cutaneous  excretion, 
and  of  putrefactive  decomposition  of  organic  matters,  because  it  is 
found  that  a  mouse,  a  guinea  pig,  or  a  rabbit  seems  to  suffer  no  ill 
effects  from  living  under  such  conditions  for  several  days,  weeks,  or 
months,  but  it  does  follow  that  the  evidence  which  has  heretofore  been 
supposed  to  demonstrate  the  evil  effects  of  bad  ventilation  upon  human 
health  should  be  carefully  scrutinized. 

6.  The  effects  of  reduction  of  oxygen  and  increase  of  carbonic  acid  to 
a  certain  degree  appear  to  be  the  same  in  artificial  mixtures  of  these 
gases  as  m  air  in  which  the  change  of  proportion  of  these  giises  has 
been  produced  by  respiration. 

7.  The  effect  of  habit,  which  may  enable  an  animal  to  live  in  an 
atmosphere  in  which,  by  gradual  change,  the  proportion  of  oxygen  has 
become  so  low  and  that  of  the  carbonic  acid  so  high  that  a  similar 
animal  brought  from  fresh  air  into  it  dies  almost  immediately,  has  been 
observed  before,  but  we  are  not  aware  that  a  continuance  of  this 
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immunity  produced  by  it  had  been  previously  noted.  The  experiments 
show  that  such  an  immunity  may  either  exist  normally  or  be  produced 
in  certain  mice,  but  that  these  cases  are  very  exceptional,  and  it  is  very 
desirable  that  a  special  research  should  be  made  to  determine,  if  pos- 
sible, the  conditions  upon  which  such  a  continuance  of  immunity 
depends. 

8.  An  excessively  high  or  low  temperature  has  a  decided  effect  upon  . 
the  production  of  asphyxia  by  diminution  of  oxygen  and  increase  of 
carbonic  acid.  At  high  temperatures  the  respiratory  centers  are 
affected,  where  evaporation  from  the  skin  and  mucous  surfaces  is 
checked  by  the  air  being  saturated  with  moisture;  at  low  temperatures 
the  consumption  of  oxygen  increases,  and  the  demand  for  it  becomes 
more  urgent. 

So  far  as  the  acute  effects  of  excessively  foul  air  at  high  temperatures 
are  concerned,  such,  for  example,  as  appeared  in  the  Black  Hole  at 
Calcutta,  it  is  probable  that  they  are  due  to  substantially  the  same 
causes  in  man  as  in  animals. 

9.  The  proportion  of  increase  of  carbonic  acid  and  of  diminution  of 
oxj'gen,  which  has  been  found  to  exist  in  badly  ventilated  churches, 
schools,  theaters,  or  barracks,  is  not  sufficiently  great  to  satisfactorily 
account  for  the  great  discomfort  which  such  conditions  produce  in  many 
persons,  and  there  is  no  evidence  to  show  that  such  an  amount  of 
change  in  the  normal  proportion  of  these  gases  has  any  influence  upon 
the  increase  of  disease  and  death  rates  which  statistical  evidence  has 
shown  to  exist  among  persons  living  in  crowded  and  unventilated 
rooms.  The  report  of  the  commissioners  appointed  to  inquire  into  the 
regulations  affecting  the  sanitary  conditions  of  the  British  army  (1) 
properly  lays  great  stress  on  the  fact  that  in  civilians  at  soldiers'  ages, 
in  twenty-four  large  tf)wns,  the  death  rate  per  1,000  was  11.9,  while  in 
the  foot  guards  it  was  20.4  and  in  the  infantry  of  the  line  17.9,  and 
showed  that  this  difference  was  mainly  due  to  diseases  of  the  lungs 
occurring  in  soldiers  in  crowded  and  unventilated  barracks.  These 
observations  have  since  been  repeatedly  confirmed  by  statistics  derived 
from  other  armies,  from  prisons,  and  from  the  death  rates  of  persons 
engaged  in  different  occupations,  and  in  all  cases  tubercular  disease  of 
the  lungs  and  pneumonia  are  the  diseases  which  are  most  prevalent 
among  persons  living  and  working  in  unventilated  rooms,  unless  sneh 
persons  are  of  the  Jewish  race.  But  consumption  and  pneumonia  are 
caused  by  specific  bacteria,  which,  for  the  most  part,  gain  access  to 
the  air  passages  by  adhering  to  particles  of  dust  which  are  inhaled, 
and  it  is  probable  that  the  greater  liability  to  these  diseases  of  persons 
living  in  crowded  and  unventilated  rooms  is  to  a  large  extent  due  to 
the  special  liability  of  such  rooms  to  become  infected  with  the  germs 
of  these  diseases.  It  is,  however,  by  no  means  demonstrated  as  yet 
that  the  only  deleterious  effect  which  the  air  of  crowded  barracks  or 
tenement-house  rooms,  or  of  foul  courts  and  narrow  streets,  exerts  upon 
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the  persons  who  breathe  it  is  due  to  the  greater  iiiimber  of  pathogenic 
microorganisms  in  such  localities.  It  is  quite  possible  that  such  im- 
pure atmospheres  may  affect  the  vitality  and  the  bactericidal  powers 
of  the  cells  and  fluids  of  the  upper  air  passages  with  which  they  come 
in  contact,  and  may  thus  predispose  to  infections,  the  potential  causes 
of  which  are  almost  everywhere  present,  and  especially  in  the  upi»er  air 
passages  and  in  the  alimentary  canal  of  even  the  healthiest  persons, 
but  of  this  we  have  as  yet  no  scientific  evidence.  It  is  very  desirable 
that  researches  should  be  made  on  this  point. 

10.  The  discomfort  produced  by  crowded,  ill -ventilated  rooms  in  jier- 
sons  not  accustomed  to  them  is  not  due  to  the  excess  of  carbonic  acid, 
nor  to  bacteria,  nor,  in  most  cases,  to  dusts  of  any  kind.  The  two 
great  causes  of  such  discomfort,  though  not  the  only  ones,  are  exces- 
sive temx)erature  and  unpleasant  odors.  Such  rooms  as  those  referred 
to  are  generally  overheated,  the  bodies  of  the  occupants  and,  at  night, 
the  usual  means  of  illumination  contributing  to  this  result. 

The  cause  of  the  unpleasant,  musty  odor  which  is  perceptible  to  most 
persons  on  passing  from  the  outer  air  into  a  crowded,  unventilated  room 
is  unknown ;  it  may,  in  part,  be  due  to  volatile  products  of  decomiK)si- 
tion  contained  in  the  expired  air  of  persons  having  decayed  teeth,  foul 
mouths,  or  certain  disorders  of  the  digestive  apparatus,  and  it  is  due, 
in  part,  to  volatile  fatty  acids  given  off  with,  or  produced  from,  the 
excretions  of  the  skin,  and  from  clothing  soiled  with  such  excretions. 
It  may  produce  nausea  and  other  disagreeable  sensations  in  specially 
susceptible  persons,  but  most  men  soon  become  accustomed  to  it,  and 
cease  to  notice  it,  as  they  will  do  with  regard  to  the  odor  of  a  smoking 
car,  or  of  a  soap  factory,  after  they  have  been  for  some  time  in  the  ])lace. 
The  direct  and  indirect  effects  of  odors  of  various  kinds  upon  the  com- 
fort, and  perhaps  also  upon  the  health,  of  men  arc  more  considerable 
than  would  be  indicated  by  any  tests  now  known  for  determining  the 
nature  and  quantity  of  the  matters  which  give  rise  to  them.  The 
remarks  of  Renk  (32,  p.  174)  upon  this  point  merit  consideration.  Gases 
of  fainting  in  crowded  rooms  usually  occur  in  women,  and  are  connected 
with  defective  respiratory  action  due  to  tight  lacing  or  other  causes. 

Other  causes  of  discomfort  in  rooms  heated  by  furnaces  or  by  steam 
are  excessive  dryness  of  the  air,  and  the  presence  of  small  quantities 
of  carbonic  oxide,  of  illuminating  gas,  or  of  arsenic  derived  from  the 
coal  used  for  heating. 

11.  The  results  of  this  investigation,  taken  in  connection  with  the 
results  of  other  recent  researches  summarized  in  this  report,  indicate 
that  some  of  the  theories  upon  which  modern  systems  of  ventilation 
are  based  are  either  without  foundation  or  doubtful,  and  that  the  prob- 
lem of  securing  comfort  and  health  in  inhabited  rooms  requires  the 
consideration  of  the  best  methods  of  preventing  or  disposing  of  dusts 
of  various  kinds,  of  properly  regulating  temiierature  and  moisture, 
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and  of  preventing  the  entrance  of  poisonous  gases  like  carbonic  oxide 
derived  from  heating  and  lighting  apparatus,  rather  than  upon  simply 
dil  uting  the  air  to  a  certain  standard  of  proportion  of  carbonic  acid  present. 
It  would  be  very  unwise  to  conclude,  fix)m  the  facts  given  in  this 
report,  that  the  standards  of  air  supply  for  the  ventilation  of  inhabited 
rooms,  which  standards  are  now  generally  accepted  by  sanitarians  as 
the  result  of  the  work  of  Pettenkofer,  De  Chaumont,  and  others,  are 
much  too  large  under  any  circumstances,  or  that  the  differences  in 
health  and  vigor  between  those  who  speud  the  greater  part  of  their 
lives  in  the  open  air  of  the  country  hills,  and  those  who  live  in  the  city 
slums,  do  not  depend  in  any  way  upon  the  differences  between  the 
atmosi)heres  of  the  two  localities  except  as  regards  the  number  and 
character  of  microorganisms. 
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By  Raphael  Dubois, 

VroftsHor  of  General  and  Comparative  Phytfiology  in  the  Faculty  of  Sciences  at  Lyons. 


Part  First. — Photogenic  Oeganisms. 

One  of  the  most  curious  phenomena  of  life  is  unquestionably  the 
property  possessed  by  certain  organisms  of  radiating  into  space,  as 
luminous  vibrations,  a  part  of  the  energy  that  animates  them.  It  might 
be  said  that  these  vibrations  are  those  of  life  itself,  since  they  emanate 
from  a  living  substance  that  dies  in  generating  them.  This  light  being 
l)hysiological  in  its  origin,  I  have  called  its  production  the  photogenic 
function.  Its  study  comprises  one  of  the  most  interesting  and  most 
important  chapters  of  general  physiology — that  branch  of  science 
which  embraces  the  history  of  the  phenomeua  of  life  common  to  ani- 
mals and  vegetables. 

I. 

The  existence  of  the  photogenic  function  has  been  demonstrated  de 
risu  in  numerous  species  belonging  to  the  two  kingdoms,  and  it  might 
perhaps  be  found  in  all  living  creatures  if  we  possessed  instruments  of 
sufficient  delicacy  to  detect  it;  but  this  is  pure  hypothesis. 

In  vegetables  this  function  has  been  observed  with  certainty  only  in 
organisms  destitute  of  chlorophyll  or,  occasionally,  in  parts  deprived  of 
the  chlorophyll-making  function  (the  yellow  flowers  of  the  French  and 
African  marigolds,  of  the  nasturtium,  and  others  of  the  same  color),  and 
therefore  corresponding  closely  with  animals  as  to  their  general  nutri- 
tion. But  it  is  only  in  mushrooms  and  white  algie  that  the  photogenic 
function  has  been  studied  in  a  truly  scientific  manner. 

The  family  of  Bacteriiicew,  includes  many  photogenic  species,  both 
marine  and  terrestrial,  that  form  the  genus  Photobacterium.  The 
marine  Photobacteridcew  live  free  in  the  sea  or  on  the  surface  of  fishes, 
crustaceans,  cephalopods,  and  many  other  animals;  but  they  do  not 
generally  become  luminous  until  after  the  death  of  their  host,  and  after 
being  out  of  the  water  from  twenty-four  to  thirty-six  hours.    As  soon 
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as  putrefaction  appears,  the  lumiDosity  which  they  imparted  to  these 
cadavers  ceases.  Some  Fhotohacteriacew  live  iu  a  state  of  symbiosis 
ujK)!!  species  of  animals  that  possess  a  luminosity  of  their  own  (Fkolas 
dactylusj  Pelagia  noctiluca).  In  other  cases  they  behave  like  true  path- 
ogenic parasites.  When  introduced,  either  accidentally  or  experimen- 
tally, under  the  carapace  of  certain  marine  or  terrestrial  crustaccc'v 
(TalytreSy  Cloportes),  they  develop  and  invade  the  entire  body.  The 
animal  thus  invaded  becomes  luminous,  but  it  shortly  dies.  The 
attempts  made  to  inoculate  animals  of  higher  organization  with  these 
pathogenic  microbes  have  hitherto  failed.  Still,  it  is  quite  probable 
that  the  cases  of  phosphorescent  urine,  saliva,  sweat,  and  even 
wounds,  observed  principally  in  man,  have  had  no  other  cause — an 
inix)ortant  matter  to  definitely  ascertain.  Unhappily  for  science,  exam- 
ples of  these  singular  affections,  which,  by  the  way,  do  not  appear  to 
be  dangerous,  are  more  rare  than  those  of  mammals  that  become  lumi- 
nous after  death.  Besides  the  phosphorescence  of  the  human  cadaver, 
which  has  been  observed  several  times,  there  have  occurred  in  butchers' 
stalls  and  slaughterhouses  true  luminous  epidemics  affecting  sometimes 
pork,  sometimes  beef  sometimes  horse  meat.  In  the  general  ijhysio- 
logical  laboratory  at  Lyons,  a  case  of  luminosity  in  the  domestic  rabbit 
has  been  recently  studied,  and  from  it  was  prepared,  for  the  first  time, 
a  pure  culture  of  a  photobacterium  of  the  flesh  of  mammals,  the  Photo- 
bacterium  sarcophilum  (fig.  1).  This  discovery  has  led  to  the  elucidation 
of  several  important  points  in  the  biology  of  these  curious  parasites. 

The  Photohacteriacece  usually  have  the  form  of  an  elongated  sole; 
their  length  varies  between  2  and  4  jj.  and  their  breadth  between  1  and 
2  yw*.  Some  seven  or  eight  species,  or  perhaps  varieties,  are  distin- 
guished. Some  are  very  polymorphous  and  may  change  into  micro- 
cocci,  into  commas,  into  filaments,  without  ceasing  to  be  luminous* 
At  other  times,  while  the  form  remains  the  same,  the  photogenic  func- 
tion may  be  made  to  disappear  by  slightly  modifying  the  culture 
medium,  and  inversely,  the  bacteria  which  have  been  extinguished  may 
by  the  same  means  be  lighted  up  again  even  after  quite  a  long  time. 

These  facts  show  that  the  photogenic  liinction  is  independent  of  the 
form  of  the  creature.  These  microbes  are  readily  cultivated  in  bou- 
illon of  gelatin  x>eptone  containing  4  per  cent  of  sea  salt.  While  the 
Photobacterium  sarcophihim  develops  well  in  liquid  bouillons,  it  is  the 
first  photogenic  microbe  which  has  been  successfully  cultivated  in 
a  fluid  medium  containing  only  substances  having  a  definite  chemical 
comi)osition,  such  as  water,  glycerin,  phosphates,  asparagin,  sea  salt 
It  also  presents  a  peculiarity  not  found  in  other  species,  and  which  it 
is  well  to  note,  because  it  may  explain  why  certain  pathogenic  agents 
infect  all  individuals  without  distinction,  while  others  attack  only  those 
which  have  a  special,  morbid  predisposition.    With  the  exception  of 
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the  Photohacierium  sarcophilum^  the  Photobdcteriacew  are  not  luminous 
in  a<jid  gelatin  peptone.  That  bacterium,  liowever,  does  not  really  form 
an  exception  to  the  common  law,  but  it  possesses  the  property  of  secret- 
ing an  alkaline  substance  which,  by  neutralizing  the  acid  medium,  per- 
mits the  photogenic  function  to  operate.  It  therefore  creates  for  itself 
a  medium  where  others  would  succumb  to  the  influence  of  the  environ- 
ment. 

The  luminosity  quite  frequently  seen  in  autumn  in  the  forests  on  dead 
leaves  or  on  fragments  of  young  or  old  wood,  and  even  in  mines  on 
worm-eaten  beams,  is  often,  if  not  always,  due  to  the  vegetative  organs 
of  mushrooms  of  quite  high  organization,  especially  certain  Hymeno- 
mycetenj  the  Agarictis  melleus^  for  example,  whose  slender  filaments 
penetrate  the  ligneous  tissues,  forming  an  easily  recognized,  whitish 
network.  These  luminous  myceliums  have  even  been  successfully  cul- 
tivated. Still,  I  have  vainly  sought  them  on  pieces  of  very  young  wood, 
freshly  broken,  that  presented  over  their  entire  surfaces  a  steady  and 
regular  phosphorescence  that  in  certain  cases  might  indeed  be  a 
result  of  a  necrobiotic  alteration  of  the  tissues  or  the  work  of  microbic 
l>arasite8.  But  the  microbes  found  on  these  fragments  have  not  pro- 
duced luminous  cultures,  neither  have  those  which  live  in  symbiosis  on 
the  higher  photogenic  mushrooms. 

In  certain  mushrooms  at  an  adult  age  the  photogenic  function  is 
well  marked.  The  lamina^,  of  the  Agaricus  olearim^  which  is  quite 
common  in  Provence  at  the  foot  of  olive  trees,  gives  out  a  bluish  light 
that  follows  the  fluctuations  of  vitality  in  the  mushroom.  It  does  not 
reside  in  any  specially  differentiated  part,  but  only  where  the  spores 
are  developed. 

Luminous  exotic  mushrooms  are  quite  numerous.  There  is  known 
in  Brazil  the  Agaricus  Oardneriy  in  Australia  the  Agaricus  phosphoreusj 
candescensy  lampaSj  illuminans,  etc.,  whose  names  indicate  their  singu- 
lar property.  Some  of  them  give  enough  light  to  make  it  possible  to 
read  by  means  of  this  living  torch. 

It  can  not  be  affirmed  that  in  the  vegetables  we  have  mentioned  the 
light  is  the  result  of  a  secretion.  It  seems  rather  to  have  its  origin  in 
the  protoplasm,  for  when  a  bouillon  made  luminous  by  Phoiobacteria  is 
filtered  through  a  porcelain  tube  it  loses  its  light;  it  would  be  other- 
wise if  the  photogenic  substance  were  really  dissolved  in  the  ambient 
liquid. 

II. 

The  photogenic  function  is  likewise  widely  found  among  very  inferior 
animals,  the  Noctiluca  miliar i^y  for  example,  to  whicli  is  often  due  the 
splendid  phenomena  of  ocean  phosphorescence.  Besides  its  envelope, 
some  intercellular  liquid,  its  digestive  vesicles,  and  a  flagelhim,  the 
structure  of  the  Noctiluca  is  that  of  an  active,  contractile,  protoplas- 
mic mass,  surrounding  a  nucleus  and  sending  toward  the  internal  wall 


416  PHYSIOLOGICAL   LIGHT. 

of  its  ODvelope  numerous  retractile  and  excitable  prolongations.  It  is 
in  t}iis  last  tract  that  we  see  formed  rounded  granulations  having  a 
special  refractive  power  that  we  shall  henceforth  find  in  all  photogenic 
elements. 

Mechanical,  physical,  and  chemical  stimuli  cause  the  interior  of  the 
Noctiluae  to  shine,  and  they  then  appear  to  the  naked  eye  like  little 
stars  emitting  a  steady  light.  But  with  sufficient  magnification  this 
apparently  uniform  glow  is  resolved  into  a  multitude  of  little,  brilliant 
points  or  sparks  that,  by  their  form  and  distribution,  corresi)oud  to 
the  refringent  granulations  of  which  we  have  already  spoken. 

The  photogenic  function  is  widely  distributed  in  the  class  of  Cwlen- 
terata.  There  is,  it  is  true,  but  one  luminous  species  known  among 
the  sponges,  but  they  are  numerous  among  the  Cnidaria  and  have 
been  well  studied  in  the  Anthozoa  of  the  family  of  the  Pennatulida*, 

In  abyssal  regions  numerous  polyps  with  horny  or  calcareous  axes, 
such  as  IsiSj  Oorgoriy  or  Mopsea^  form  veritable  luminous  forests,  pro- 
ducing a  truly  fairy-like  efiect. 

Among  the  Pennatulidxe  the  photogenic  function  is  already  localized. 
It  has  its  seat  in  the  eight  cords  whi(;h  adhere  to  the  external  surface 
of  the  gastro- vascular  cavity  of  polyps  and  zooids  and  extends  as  far  as 
the  buccal  papillae.  The  light  originates  in  cells  containing  an  adi[)oid 
material  and  very  numerous  rounded,  albuminoid  granulations.  In 
these  cells,  as  with  the  Noctilucce^  mechanical,  electrical,  and  chemical 
stimuli  induce  a  luminous  explosion  that  is  transmitted  from  one  place 
to  another  in  a  very  regular  manner,  from  the  foot  of  the  polyp  toward 
the  extremity  of  the  arms  or  inversely,  with  more  or  less  extensive 
generalizatic:),  according  to  the  intensity  of  the  stimulus. 

The  granulations  of  the  luminous  cells  seem  to  be  fonied  under 
stimulation  by  a  phenomenon  analogous  to  that  of  the  foi  nation  of 
crystals  by  the  agitation  of  a  saturated  solution;  at  least  tha.  is  what 
occurs  in  the  ectodermic  cells  of  Hippopodius  gleba.  That  elegant 
ccelenterate  is  composed  of  a  series  of  horseshoe-shaped  segments, 
transparent  as  crystal  when  the  animal  is  not  stimulated,  but,  when 
the  ectoderm  is  touched,  the  cells  which  compose  it  become  at  once 
opalescent  or  milky  by  the  formation  of  a  multitude  of  granulations, 
and  emit  a  magnificent,  azure  blue  light.  The  simultaneous  occur- 
rence of  these  phenomena  is  very  striking  in  this  particular  case. 

Stimulation  of  the  ectoderm  also  produces  light  in  certain  MedusWy 
such  as  Cunina  albescens  and  Pelagia  noctilu^a.  In  the  latter  the  pho- 
togenic function  is  localized  in  the  epithelium  of  the  external  surface, 
the  radial  canals,  and  the  genital  glands.  The  tesselated  cells  that 
compose  this  epithelium  have  a  nucleus  that  is  often  masked  by  a  mul- 
titude of  tine  and  very  refringent  granulations,  varying  in  color  from 
yellow  to  orange. 

When  these  cells  break  down  they  form  a  luminous  mucus  that 
adheres  to  the  fingers  and  continues  to  shine  for  a  considerable  time. 
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Many  Ctenep7u>ra,  among  which  may  be  cited  the  Gestidce,  the  Cydip- 
pida*j  the  Beroidce^  are  luminoas.  The  photogenic  elements  generally 
snrrouud  the  costal  vascular  canals  and  sometimes  also  the  canals  of 
the  gastro- vascular  network.  The  embryo  of  Beroes,  while  yet  in  the 
eggj  is  luminous,  and  usually,  if  not  invariably,  photogenic  animals 
transmit  from  generation  to  generation  the  torch  of  life  that  is  never 
extinguished  and  seems  to  have  been  lighted  at  the  very  dawn  of  cre- 
ation. In  the  Mediterranean  the  phosphorescence  of  the  sea  may  be 
exclusively  produced,  as  I  have  found,  by  the  disintegration  of  coelen- 
terates,  whose  bodies  are  sometimes  thrown  on  the  shore  in  great 
numbers. 

Among  the  echinodemis  the  star  fishes  and  particularly  the  Brisin- 
gidoB  ftirnish  most  brilliant  examples.  Certain  Ophiuridw  also  emit  a 
beautiful  green  light,  especially  when  young. 

Balanoglossus  also  produces  an  emerald-green  light  having  a  very 
beautiful  effect,  and  this  function  is  an  additional  character  connecting 
that  creature  with  echinoderms  and  worms. 

In  the  race  of  wormn  the  photogenic  function  lias  been  observed  in 
many  wandering  annelids.  In  the  collared  Polynoe  it  appears  in  a 
i]uite  limited  region  of  the  elytra,  around  the  elytrophore,  where  sec- 
tions show  a  structure  that  recalls  that  of  the  luminous  organs  of 
Pholas,  of  which  we  shall  speak  further  on. 

In  other  cases  the  luminosity  is  situated  in  the  antennae  and  its 
existence  has  been  shown  quite  early  in  polytrochous  larvjB  of  poly- 
chcptous  annelids.  Quite  frequently  in  France  there  have  also  been 
found  earth  worms,  luminous  Ltimbrici,  recently  placed  in  the  genus 
Photodrillus,    The  species  that  compose  it  seem  to  be  of  exotic  origin. 

Among  articulate  animals  there  are  a  great  number  of  species  in 
which  the  photogenic  function  is  very  well  developed  and  particularly 
well  differentiated.  It  is  in  general  localized,  but  often  the  localization 
seems  to  be  displaced  during  the  metamorphoses  of  the  individual. 

Many  crvstaceans  have  a  luminosity  of  their  own.  It  may  be  pro- 
duced as  in  the  Euphausidw,  in  quite  definite  organs,  which  may  have 
a  structure  so  complex  that  they  have  been  considered  as  eyes.  This 
connection  of  a  luminous  organ  appears  less  strange  when  we  know  the 
mechanism  of  the  dermatoi)tic  and  photogenic  functions  in  Pholas  dac- 
tylus^  and,  besides,  it  is  not  impossible  that  the  same  organ  may  alter- 
nately or  simultaneously  perform  two  functions.  These  luminous 
globules  or  photospheres  may  exist  at  the  same  time  in  various  parts 
of  the  body,  on  the  claws,  the  thorax,  the  abdomen,  etc.  In  other 
Crustacea,  such  ^^Mysis^  there  is  a  brilliant  circle  surrounding  the  eye, 
which  is  actually  set  in  a  luminous,  spherical  cavity.  The  photogenic 
power  of  the  eyes  appears  to  be  well  developed  also  in  Aristeus,  Gcryon, 
and  Munida, 

In  the  class  of  Myriapods  luminosity  has  been  scientifically  investi- 
gated among  the  Oeophilidie  in  both  sexes  of  Scolioplanes  crassijjes: 
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This  species  iDnabits  central  Europe  and  becomes  luminons  in  antnran. 
Wbile  walking  or  when  stimulated  its  tegumeuts  transude  a  g^ranulose, 
viscous  liquid  that  emits  for  some  moments  a  greenish  luster.  Some- 
times there  is  no  cutaneous  excretion  and  the  entire  body  of  the  ani- 
mal is  illuminated,  except  the  head.  The  Orya  barbarica  also,  which 
inhabits  Algeria,  may,  under  the  influence  of  pressure  and  contact,  dis- 
charge from  its  abdominal,  teguraentary  pores  a  viscous  liquor,  insolu- 
ble in  alcohol,  which  solidifies  rapidly,  giving  out  at  the  same  time  a 
greenish-blue  light.  The  recent  study  of  this  secretion  has  f?iveu  me 
important  information  as  to  the  intimate  mechanism  of  photogeny. 

III. 

The  most  resplendent  of  all  animals  are  innects^  of  which  class  the 
glowworm,  beloved  of  the  poets,  is  one  of  the  most  brilliant  exam- 
ples. Among  the  thirteen  orders  of  this  class,  there  arc  but  three  that 
contain  species  to  which  the  photogenic  power  may  be  with  certainty 
attributed,  viz,  the  Coleoptera^  the  Diptera^  and  the  Thysanura, 

In  certain  continental  localities  the  soil  has  been  seen  to  become 
luminous,  like  the  sand  of  the  sea  which  contains  jVoc///m^^,  on  account 
of  the  presence  of  quite  minute  insects  belonging  to  the  order  Thysa- 
mira,  family  PoduridWj  genus  Lipura  (fig.  2,  Lipura  noctiluca)^  that 
are  not  more  than  2  or  3  millimeters  in  length.  I  know  of  but  one 
photogenic  species;  this  much  resembles  Lipura  ambulansj  if  it  is  not 
identical  with  it,  but  I  prefer  to  call  it  Lipura  noctiluca. 

Such  species  are  also  rare  among  the  Dipiera,  the  luminosity  of  the 
antennae  of  the  Thyreophora  eynophila^  a  fly  which  lives  in  chjiriiel 
houses,  being  probably  the  result  of  its  habitat.  The  function  may, 
however,  be  properly  ascribed  to  the  larvfe  and  nympha^  of  Ceratoplntvs 
seHioides.  There  is  also  found  in  the  Sea  of  Aral  certain  species  of 
ChironinuiSj  which  shine  like  small,  dull  stars.  Certain  aiialogons 
phenomena  have  been  noticed  in  Culex  and  Tipula. 

The  most  beautiful  luminous  insects  are  incontestably  among  the 
Coleopteraj  confined  to  the  two  related  families  of  Mala<*odermidw  and 
Elateridw^  of  which  the  best  known  are  the  Luciola  Italica^  the  Lampyra 
noctiluca  or  glowworm,  and  the  Pyrophorun^  commonly  known  under 
the  name  cucuyos. 

The  photogenic  property  appears  in  the  egg  of  the  glowworm  {Lam- 
pyra)j  even  while  it  is  contained  in  the  ovary  before  fecundation;  in 
the  fertilized  eggs  it  persists  till  the  hatching  of  the  larva.  In  these 
centrolecithal  eggs  we  find  very  early  the  blastoderm  represented  by  a 
single  layer  of  large,  polyhedric  cells  inclosing  numerous  rounded 
granulations  and  i^ossessing  the  same  characteristics  as  those  which 
are  again  met  with  later  in  the  luminous  organs  of  the  adult  and  the 
larva.  At  the  moment  of  hatching,  in  the  larva  of  the  first  stage,  the 
luminous  appearance  shows  itself  in  the  form  of  two  small,  yellowish, 
ovoid  bodies)  situated  on  the  sides  of  the  penultimate  ring. 
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Each  organ  is  formed  by  a  vesicle  with  a  transparent  wall  (tig.  3, 
luminous  organ  of  the  larva  of  Lampyra  noctiluca^  young  specimen) 
which  is  hyaline,  anhistous,  filled  with  very  granuhir,  polyhedric  cells, 
representing  i)erhaps  a  post-embryonic  blastoderm.  There  runs  among 
these  cells  a  very  finely  ramified  tracheal  arborization.  When  the  little 
photogenic  vesicle  is  compressed  under  tbe  microscope  there  escapes 
from  it  a  liquid  inclosing  a  multitude  of  small,  rounded,  protoplasmic 
granulations,  whose  form  and  size  recall  those  of  certain  spores;  they 
show  active  movements  (Brownian?). 

This  larval  organ  persists  in  the  nymplia,  in  the  female,  which  pre- 
serves until  adult  life  its  vermiform  appearance,  and  in  the  male  (fig.  5, 
male  organ)  which  in  the  state  of  a  perfect  insect  is  a  winged  beetle; 
but  it  undergoes  certain  modifications. 

In  the  organ  of  the  adult  male,  for  example,  there  are  more  clearly 
distinguished  two  layers,  one  whitish,  opaque,  chalky  (fig.  0,  male 
organ  enlarged),  formed  of  very  refringent,  crystalloid  granulations, 
the  other  parenchymatous,  comjmsed  of  granular,  polyhedric  cells. 
The  first  layer  is  manifestly  formed  by  the  breaking  down  of  the 
l^arenchymatous  cells,  and  by  the  change  of  part  of  the  primitively 
colloidal  protoplasm  to  a  crystalloidal  state,  as  is  clearly  shown  by  fig.  6, 
which  represents  a  vertical  section  of  the  male  organ.  This  section 
also  shows  some  muscular  fibers  which  are  apparently  for  the  iiurpose 
of  aiding  the  voluntary  or  reflex  separation  of  the  cretaceous  layers 
from  the  parenchymatous  one.  This  is  unquestionably  the  function  of 
these  muscles  in  the  female. 

Besides  the  larval  organ,  the  female  possesses  two  others  which  rest 
upon  the  abdominal  wall  of  the  two  penultimate  rings,  these  remaining 
transparent  at  this  point  (hg.  7,  female  organ).  They  are  also  com- 
posed of  two  layers — one,  superior,  chalky,  crystalloidal,  the  other 
parenchymatous,  formed  of  rounded  cells  arranged  in  regular,  linear 
series  (fig.  8). 

J^umerous  tracheal  ramifications  carry  on  respiration  in  these  organs, 
and  certain  anatomists,  who  apparently  had  never  seen  any  other  lumi- 
nous animals,  have  supposed  these  ramifications  to  be  of  primary 
imi)ortance  in  the  light-making  mechanism,  considering  these  tracheas 
as  blast  tubes  for  enkindling  the  protoplasm  as  if  it  were  charcoal. 
But  they  should  have  at  least  known  that  the  egg  of  the  Lampyra  has 
no  need  for  such  an  incendiary  bellows  to  make  it  shine.  We  will 
not  dwell  here  upon  the  crudity  of  this  interpretation  that  has 
nothing  physiological  about  it  and  whose  error  we  have  elsewhere 
demonstrated. 

Between  the  files  of  cells  of  the  female  organs  (fig.  8,  c,  c),  there  exist 
numerous  passages  (we,  wie,  me)^  whose  width  is  regulated  by  the  play 
of  the  muscles  (tig.  7,  w,  »i,  w),  so  that  the  blood  may  enter  the  organ 
in  greater  or  less  quantity,  thus  rendering  nutrition  more  or  less 
active.    These  muscles  are  under  the  control  of  voluntarv  and  reflex 
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centers,  which  explains  why  sensorial  or  psychic  stimuli  may  affect  the 
production  of  light.  It  is  proper  to  add  that  the  protoplasmic  cells  of 
insects  are  directly  excitable,  like  the  Noctiluca  or  the  ectoderm  of  the 
Cmlenterata,  In  the  LampyridWj  the  light-producing  power  is  not  lim- 
ited to  the  organs  in  question,  as  the  eggs  become  luminous  in  the 
ovary,  and  at  the  moment  of  molting,  when  the  new  integument  is 
yet  uncolored,  in  absolute  darkness  the  entire  hyx)oderm  shows  a  feeble 
phosphorescence.  Besides,  embryological  studies  show  that  both  iu 
the  larva  and  in  the  female  nympha  the  photogenic  organs  are  formed 
at  the  expense  of  the  hypoderm. 

The  organic  mechanism  of  the  photogenic  function  in  the  Coleoptei-a 
is  particularly  easy  to  study  in  the  luminous  Elateridxt^  those  dazzling 
beetles  of  the  tropics,  and  particularly  in  Pyrophorus  noctilucus. 

The  Qgg  of  Pyrophoriis  is  luminous,  like  that  of  Lampyra,  and  the 
little  larva  which  comes  from  it  also  carries  with  it  at  birth  the  lumi- 
nous source  transmitted  to  the  egg  by  its  ancestors.  In  the  young 
larva,  this  is  single,  bilobate,  and  situated  at  the  junction  of  the  head 
and  the  thorax.  It  contains  numerous  rounded  granulations  and  emits 
a  bluish  light.  After  the  second  molting  the  cephalothoracic  appa- 
ratus persists,  and  then  others  appear  on  each  of  the  segments  and  a 
larger  single  one  upon  the  last  ring.  These  luminous  spots  may  be 
lighted  and  extinguished  successively,  like  the  gas-burners  of  a  stair- 
way swept  by  the  wind,  and  it  is  a  very  curious  spectacle  to  see  two  of 
these  larvae  struggling  together  and  twisting  about  while  emitting 
flashes  of  light.  Imagine  what  it  would  be  if  the  combatants  were 
some  meters  in  length. 

In  the  adult  state,  Pyrophorus  has  three  lanterns — two  dorsal  ones 
upon  the  cephalothorax  and  a  ventral  one  at  the  junction  of  the 
thorax  and  abdomen.  The  arrangement  of  these  organs  is  quite 
similar  to  that  of  the  organs  of  the  Lampyridw,  and  their  regulating 
mechanism  is  also  very  much  the  same.  For  example,  by  the  action  of 
small  muscles  the  ventral  organ  of  Pyrophorus  opens  and  closes  like  si 
purse,  and  owing  to  its  situation  and  anatomical  structure  it  is  easy  to 
show,  both  by  direct  observation  and  by  experimentation,  that  the  pro- 
duction of  the  light  is  closely  allied  to  the  fluctuations  of  blood  in  the 
organ,  and  to  a  great  degree  independent  of  the  play  of  the  stigmata 
and  the  trachea*,  which  are  in  relation  with  it.  But  why  should  we 
further  discuss  the  essential  function  of  hypothetical  tracheal  blast 
tubes?  When  the  organ  is  isolated  from  the  body,  dried  and  pulver- 
ized, it  still  gives  out  light  when  a  drop  of  water  is  let  fall  upon  its 
amorphous  dust- — a  singular  combustion  truly,  but  without  blast  tubi^s 
this  time.  In  order  to  rapidly  conclude  an  examination  of  photogenic 
si)ecies,  I  will  for  the  present  leave  the  study  of  the  speciiii  mechanism 
of  photogeuy,  which  will  be  treated  iu  the  second  part  of  this  article. 
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IV. 

Among  the  Molluseaj  we  fiud  that  cephalopods  show  luminosity  only 
in  certain  rare  species,  though  there  may  yet  be  some  doubt  concerning 
the  function  of  certain  organs  supposed  to  be  photogenic  before  their 
action  was  observed  in  living  specimens.  Luminosity  has  been  noted 
in  several  molluscous  gasteropods:  AeoHa,  ffyaka,  Crettds^  Cleodora^ 
PhyUirrhcej  and  in  one  lamellibranchiate,  Pholas  ductylus;  it  has  been 
carefully  studied  only  in  the  latter  and  in  the  PhylUrrhce  hucephala. 

Phyllirrhcd  is  a  naked,  pisciform,  Mediterranean  gasteropod,  having 
a  laterally  compressed,  transparent  body.  The  light  is  produced  in 
peripheral,  nervous  cells  of  an  ordinary  form,  in  the  cells  of  the  central 
ganglia,  and  in  tegumentary  elements  having  very  marked,  dark  con- 
tours and  inclosing  numerous  rounded  granulations  immersed  in  the 
intracellular  liquid. 

The  photogenic  function  again  occurs  in  nervous  and  tegumentary 
cells  having  granular  contents  in  Pholas  ductyluft,,  a  sedentary  mollusk 
that  on  our  coast  inhabits  holes  hollowed  in  the  rocks,  where  it  lives 
secluded,  showing  only  the  end  of  its  siphon — a  kind  of  double-barreled 
contractile  tube  by  which  it  draws  in  and  rejects  the  water  that  serves 
for  its  nutrition.  The  external  integument  of  the  siphon  is  sensitive 
to  light  like  the  retina  of  the  human  eye,  with  which  it  presents  many 
analogies;  it  is  the  seat  of  the  dermatoptic  function,^  while  the  internal 
wall  of  one  of  the  two  tubes  of  the  siphon  is  the  seat  of  the  photogenic 
function.  There  is  also  as  much  analogy  between  the  structure  of  these 
two  walls  as  has  been  shown  to  exist  between  certain  photogenic  and 
visual  organs  of  Crustacea  or  fishes. 

In  Pholas  (fig.  9),  the  light  originates  in  the  nervous,  internal  subepi 
dermic  coat  of  the  aspirator  siphon,  and  very  likely,  as  in  PhylUrrhce^  in 
the  nervous  elements  that  form  a  sort  of  diffuse  ganglion;  but,  besides, 
also  like  that  gasteropod,  it  appears  in  the  tegumentary  elements  with 
granular  contents,  arranged,  in  Pholas,  in  the  form  of  two  glandular 
cords  and  two  triangles  situated  on  the  inner  surface  of  the  aspirator 
canal.  In  response  to  various  stimuli,  there  is  formed  in  this  canal 
an  abundant  secretion  of  a  highly  luminous  mucus  that  conununicates 
to  the  water  and  to  bodies  that  imbibe  it  a  beautiful  bluish  and  quite 
persistent  luminosity.  Microscopical  examination  shows  in  this  mucus 
various  elements  from  the  internal  wall  and  from  the  blood,  and  espe- 
cially certain  cells  with  well-marked  contours  inclosing  a  liquid  that 
holds  in  suspension  rounded  protoplasmic  granulations.  Other  granu- 
lations of  a  similar  nature,  coming  from  the  glandular  caliciform  cells 
of  the  cords  and  from  the  triangles,  swim  abundantly  in  the  luminous 
mucus.  We  will  study  their  metamorphoses  in  the  section  of  this 
article  devoted  to  the  special  mechanism  of  the  photogenic  function. 


^See  Nouvelle  th^orie  de  nK^canisme  des  seDsatious  lumiueuses :  Kevue  g6u6rale  des 
sciences  pares  et  appliqa^es,  avril,  1890. 
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Among  the  TunicateSj  there  has  been  noted  the  Appendicularia  of  the 
southern  Atlantic,  whose  nrocord  emits  a  light  of  a  variable  color,  being 
red  blue,  green,  and  even  white  in  the  same  individual.  This  varia- 
bility in  the  color  of  the  light  has  also  been  noted  among  the  salpiforro, 
colonial  Ascidians  in  Pyrosoma,  whose  form  is  like  that  of  a  pine  cone 
or  an  elongated  thimble,  and  which  is  frequently  found  on  the  shore 
at  Nice.  Besides  artificial  stimuli,  which  may  lead  to  a  sudden  produc- 
tion of  light,  spontaneous  simultaneous  movements  of  the  colony  may 
produce  the  same  result.  Each  colonist  carries  a  i)air  of  photogenic 
organs  at  the  base  of  its  neck,  near  the  upper  border  of  the  branchiae. 
They  are  part  of  the  external  layer  and  entirely  composed  of  spherical 
cells  directly  bathed  by  blood.  A  colony  0.08  centimeter  in  diameter, 
containing  3,200  colonists,  will  therefore  present  6,400  luminous  points. 
These  little  organs  arise  in  the  embryo  from  the  ectoderm. 

Salpa  and  Boliola  have  also  been  reported  as  luminous.  In  the 
Pacific  they  sometimes  form  streaks  of  light  many  leagues  in  length. 

Among  vertebrates,  aside  from  cases  of  phosphorescence,  probably  of 
parasitic  origin,  found  in  man  and  some  rare  animals,  the  photogenic 
fimction  has  been  seen  only  in  fishes  and  especially  in  those  that  live 
at  great  depths.  The  photogenic  organs  may  be  situated  in  very  dif- 
ferent regions;  along  the  body  walls  from  the  fins  to  the  tail,  near  the 
eyes,  on  the  branchiostegal  rays,  the  dentary  bone,  and  the  preoperca- 
lum.  By  their  position  as  well  as  by  their  organization  and  structure, 
they  recall  the  photogenic  organs  of  the  crustacean  Uuphausida*;  like 
these,  they  have  sometimes  been  thought  to  be  accessory  eyes  and  some- 
times photogenic  apparatus.  Perhaps  they  may  combine  the  two  func- 
tions. They  have,  at  any  rate,  ectodennic,  muciparous  glands  connected 
with  nerves  of  general  sensibility,  an  arrangement  that  in  no  way  con- 
flicts with  this  view  when  we  consider  the  dermatoptic  and  photogenic 
functions  in  Pliolas  daetylm. 

This  rapid  survey  of  the  world  of  luminous  animals  and  vegetables 
shows  that  the  photogenic  function  is  more  widely  distributed  than 
had  been  generally  supposed,  and  that  this  beautiful  phenomenon 
should  not  be  considered  as  a  mere  biological  curiosity.  It  is,  like  the 
production  of  electricity  and  of  heat,  a  great  physiological  function, 
general  in  its  distribution — that  is  to  say,  common  to  the  two  kingdoms 
of  living  beings. 

The  examples  v^e  have  cited  sufficiently  show  how  independent  this 
general  function  is  of  the  organs  in  which  it  arises,  and  yet  how  simple 
is  the  cellular  mechanism  that  produces  it;  this  being  always  the  same 
whether  we  consider  the  Noctiluca,  the  Hippopodius,  the  glowworm  or 
its  eggj  etc. 

We  shall  see  in  the  latter  portion  of  this  article  that  physiological 
analysis  may  be  pushed  quite  beyond  the  cell,  and  we  shall  endeavor 
to  ascertain  whether  this  light,  transmitted  from  generation  to  genera- 
tion without  extinction,  having  doubtless  been  burning  for  thousands 
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of  years,  is  reducible  to  a  simi)le  chemical  or  physical  pheaomeuoii 
properlj^  so  called,  or  whether  there  is  reason  to  conclude  that  it 
depends  upon  vital  phenomena  which  should  be  considered  together 
in  a  special  chapter  of  general  mechanics — physiological  mechanics  or 
biological  dynamics. 

Paet     Second.  —  Spkcial     Mechanism     of    the     Photogenic 

Function. 

Since  we  employ  the  expression  animal  heat  to  designate  the  heat 
produced  by  animals,  so  we  should  understand  hy  phyHiologica I  light  the 
light  generated  by  the  biological  activity  of  living  beings.  It  is  dis- 
tinguished from  all  other  light  by  its  composition,  its  origin,  and  the 
special  mechanism  by  which  it  is  produced. 

I. 

The  color  of  the  light  may  vary  tU5Cording  to  the  species  that  pro- 
daces  it.  In  the  Photobact^iacew  it  is  sometimes  silvery  white,  some- 
times bluish  or  green,  sometimes  tinged  with  orange.  In  the  same 
species  it  may  also  change  according  to  the  environment.  In  the  solid 
bouillon  of  gelatin  peptone  the  Fhotohacterium  sareophiUim  emits  a 
greenish  luster,  which  changes  to  a  light  blue  in  liquid  bouillon. 

In  mushrooms,  we  observe  similar  variations;  the  luminosity  of 
Agarictis  igneus  is  bluish,  that  of  Agaricvs  Oardiieri  dull  green,  that  of 
Agarlcits  olearius  and  noctilucens  white. 

The  same  remark  applies  to  animals,  and,  among  these,  the  same  indi- 
vidual is  quite  often  seen  to  change  its  color  from  one  moment  to  another. 
There  have  been  taken  from  more  than  a  hundred  fathoms  depth  hi  the 
Strait  of  Skye  Pennatulidw  or  sea-pens  that  shine  with  a  pale  lilac 
light;  in  other  cases,  as  in  Ophiura  and  Balanoglossus,  the  light  is  a 
fine  emerald  green.  It  is  bluish  in  Lampyra^  white  with  golden  glints 
in  Luciola.  Two  lights  of  difterent  colors  may  coexist  in  the  same 
individual ;  certain  exotic  larviie  have  a  red  light  near  the  head  and 
bluish  lights  along  the  body.  The  light  may  also  vary  with  the  meta- 
morphoses of  the  individual.  The  egg  and  the  young  larva  of  Pyro- 
plioruH  noctilucuH  give  out  pale  blue  rays,  while  those  emitted  by  the 
adult  are  light  green. 

But  what  is  more  singular,  is  to  see  in  the  same  animal  all  the  colors 
of  the  spectrum  succeed  each  other  rapidly  and  without  interruption. 
From  all  i)oints  of  the  stems  and  branches  of  certain  Gorgonida',  light 
may  be  seen  to  gush  forth  in  jets  and  sprays  of  fire,  whose  luster  dies 
away,  then  revives,  passing  from  violet  to  purple,  from  red  to  orange, 
from  bluish  to  different  tints  of  green,  sometimes  even  to  the  white  of 
superheated  iron.  In  the  same  way  the  Pyrosomata  ofter  a  very  curi- 
ous spcctaele  when  heated  or  strongly  excited.  Pyrosoma  atlantivnm 
becomes  at  first  red,  then  pink,  then  orange,  afterwards  greenish, 
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finally  iiltramariue  blue.     Certain  Appendwularia  have  a  tricolored 
luminosity. 

Most  of  these  variations  depend  upon  corresponding  modifications 
of  the  internal  photogenic  mechanism ;  so  when  the  light  of  NocHluca 
changes  from  blue  to  white  by  reason  of  fatigue  or  the  somatic  death 
of  the  animal,  the  protoplasmic  granulations  and  the  beams  that  they 
emit  become  at  once  smaller  and  more  numerous.  But  the  colonitiou 
of  the  light  may  also  depend  upon  circumstances  independent  of  its 
mode  of  production,  the  color  of  the  integument,  or  of  the  blood.  For 
example,  by  injecting  eosin  into  the  blood  of  Pyrophoru4i  the  light 
changes  from  its  usual  green  color  to  rose. 

Finally,  the  pale  blue  tint  seen  in  many  marine  animals,  larva?,  mush- 
rooms, and  bacteria,  must  in  certain  cases  be  ejitirely  attributed  to  the 
slight  intensity  of  the  luminosity.  For  the  same  reason,  a  spectroscopic 
examination  does  not  enable  us  to  distinguish  the  color  of  the  different 
rays  that  compose  their  spectra,  but  the  extreme  limits  of  such  spectra, 
fixed  by  various  observers,  leave  no  doubt  as  to  their  polychromatic 
nature.  The  luminous  intensity  is  generally  only  slightly  increased 
in  the  middle  regions  of  this  pale  spectrum. 

The  light  of  insects  furnishes,  on  the  contrary,  a  fine  continuous 
spectrum,  without  bands  or  lines,  but  in  which  the  various  component 
rays  can  be  readily  distinguished.  That  of  Pi/rophorus  fioctilucus,  for 
example,  is  quite  remarkable  when  the  animal  is  very  luminous;  some- 
what extended  on  the  side  of  the  red,  it  reaches  as  far  as  the  first  blue 
rays  and  covers  about  twenty-four  divisions  of  the  micrometer.  Its 
approximate  limits  are  on  one  side  the  line  B,  on  the  other  the  line  F,  of 
the  solar  spectrum.  So  the  middle  part  of  that  spectrum  corresponds 
to  the  maximum  luminous  intensity  of  the  spectrum  of  Pyrophorus. 

It  should  also  l)e  noted  that  the  impression  jiroduced  on  the  eye  warns 
us  that  the  composition  of  this  light  is  not  the  same  as  that  from  arti- 
ficial sources.  It  is  easy  to  assure  ourselves  that  this  is  the  case  by 
arranging  an  artificial  diaphragm  so  as  to  give  to  a  beam  of  artificial  light 
a  photometric  intensity  approximately  equal  to  that  of  the  luminous 
organ  and  then  comparing  its  disi)ersion  with  that  of  the  rays  from 
Pijrophorus.  The  graphic  representation  of  the  results  obtained  by  this 
spectroscopic  experiment  may  serve  to  give  an  idea  of  the  respective 
composition  of  the  light  of  these  various  sources,  but  this  method  is 
evidently  extremely  imperfect,  since  we  can  not  by  ordinary  photomet- 
ric processes  compare  the  intensity  of  lights  of  different  composition. 

A  Hptctro-pliotomctric  analysis,  however,  taking  the  wave-lengths  for 
abscissai  and  the  intensities  of  the  luminous  rays  for  ordinates,  shows 
that  the  area  between  the  axis  of  the  wave-length  and  the  curve  is,  in 
the  light  from  Pyrophorns,  almost  wholly  occupied  by  green  and  yellow 
rays  (^g.  1 ).  Tlie  maximum  of  intensity  corresponds  to  a  wave-length 
/.I  ().528,5G.  Now,  this  wave  length  is  precisely  the  same  as  that  which 
aftbrds  the  maximum  of  clearness  in  the  solar  spectrum,  while  in  the 
flame  of  a  candle  the  maximum  of  luminous  intensity  corresponds  to 
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the  wave-length  ^  0.485,68,  and  is  conse(iueutly  thrown  buck  on  the 
side  of  the  more  refrangible  rays.  An  inverse  result  would  have  been 
obtained  if  the  peculiar  appearance  of  the  spectrum  of  Pyrophorus  was 
due  only  to  its  relatively  feeble  intensity,  since  in  that  case  the  blue 
rays  would  seem  more  abundant.  Finally,  in  the  case  of  the  candlt*, 
the  yellow  rays  fall  in  a  narrower  part  of  the  area  between  the  curve  of 
intensity  and  the  line  of  wave-lengths. 

In  comi)aring  these  areas  with  each  other,  we  find  tliat  the  spectio- 
photometric  value  of  one  of  the  two  prothoracic  lanterns  of  a  Pyrophorus 
would  be  about  one  one  hundred  and  fiftieth  of  a  Phamix  candle  (8  to 
the  pound).  If  we  admit  that  the  ventral  apparatus  possesses  an 
illuminating  power  double  that  of  the  prothoracic  ones,  we  see  that  it 
would  take  from  thirty-seven  to  tliirty-eight  Pyrophorij  all  luminous 
at  once  with  their  three  apparatuses,  to  illuminate  an  apartment  with 
the  same  intensity  as  a  candle. 

The  average  wave-length  of  this  light,  obtained  either  by  calculation 
or  graphically,  is  found  to  be  between  //  0.630  and  ;<  0.533,  nearly 
that  of  the  green  line  of  thallium  f.i  0.535;  and,  indeed,  the  light  of 
Pyrophorus  is  very  similar  to  that  of  the  sun  shining  through  foliage 
{daXXo?:^  a  green  branch). 

It  should  be  added  that  this  spectrum  is  not  at  all  like  that  of  phos- 
phorus burning  in  oxygen  or  hydrogen,  and  hence  we  can  at  once  reject 
certain  hypotheses  relative  to  the  special  mechanism  of  the  photogenic 
function.  The  green  color  of  the  light  oi  Pyrophorus  is  increased  by 
the  existence  of  green  matter  in  the  blood,  which  bathes  abundantly 
the  photogenic  organs  during  their  action.  But  besides  its  special 
coloration,  it  possesses  a  x)eculiar  opalescent  luster,  on  account  of  which 
all  observers  speak  of  it  as  of  beautiful  clarity. 

This  clarity  recalls  that  of  fluorescent  substances,  and  it  is  this  that 
led  us  to  discover  in  the  blood  of  Pyrophorus  a  material  that  becomes 
luminous  when  exposed  to  the  influence  of  the  ultra  violet  rays,  espe- 
cially those  having  a  wave-length  of  ^i  0.391.  Dilute  acetic  acid 
annuls  this  fluorescent  power,  while  ammonia  restores  it.  Now,  both 
these  reactions  afffect  similarly  the  photogenic  power  of  all  substances, 
animal  or  vegetable,  and  this  has  led  us  to  think  that  the  production 
of  physiological  light  was  due  to  the  transformation  of  obscure  vibra- 
tions, depending  on  protoplasmic  molecular  movement,  into  luminous 
undulations.  But  this  substance  not  having  been  found  in  thelumi 
nous  creatures,  there  is  reason  to  believe  that  its  function  is  limited  to 
transforming  into  luminous  rays  and  throwing  toward  the  middle  por- 
tion of  the  spectrum  the  chemical  rays  that  originate  simultaneously 
with  the  luminous  rays  in  Pyrophorus.  Thus  reenforced,  the  middle 
portion  of  the  spectrum  forms  what  might  be  called  a  focus  of  condensed 
light.  I  have  given  to  the  transforming  substance  whose  composition 
is  unknown,  but  whose  existence  can  not  be  doubted,  the  name  of 
pyrophorine. 
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An  organoleptic  examination  shows,  like  the  i)hysical  analysis,  that 
the  light  of  Fyrophorm  is  undoubtedly  superior  to  that  of  any  artificial 
sources  of  light  with  which  we  are  acquainted. 

The  visual  intensity,  measured  by  means  of  a  typographic  scale,  has 
been  found,  when  compared  with  that  of  a  candle,  to  be  much  greater 
than  is  indicated  by  the  luminous  intensity,  as  determined  by  the  spec- 
trophotometer. The  beautiful  clarity  of  the  Pyrophorus  does  not  favor 
retinal  i)er8istence,  there  are  no  accidental  images,  and  complementary 
color  images  are  produced  with  diflSculty.  In  spite  of  its  greenish  hue, 
it  has  almost  no  influence  on  the  color  sense,  for  all  tints  are  easily 
recognized,  except  blue  and  violet,  which  do  not  exist  in  its  spectrum, 
and  its  rays  are  perceived  at  the  extreme  limits  of  the  visual  field. 

The  light  of  the  Pyrophori  contains  no  polarized  rays,  which  proves 
that  the  function  attributed  to  the  chalky,  radio-crystalline  layer  of  the 
photogenic  organs  of  insects  does  not  exist.  On  the  contrary,  it  still 
includes,  in  spite  of  the  fluorescence  of  pyrophorine,  a  suflBicieut  quan- 
tity of  chemic'al  rays  to  effect  the  photographic  reproduction  of  objects, 
but  no  less  tlian  five  minutes'  exposure  is  necessary  to  produce,  with 
the  ventral  organ  (the  most  brilliant  of  the  three),  a  good  proof  with 
gelatin-bromide  plates  that  give  with  solar  light  an  image  in  a  frac- 
tion of  a  second  {hg,  2). 

The  quantity  of  heat  generated  by  the  photogenic  organs  is  infini- 
tesimal. I  have,  however,  been  able  to  show  the  presence  of  a  few 
heat  rays  by  means  of  an  extremely  sensitive  thermo-electric  pile,  so 
arranged  as  to  avoid  all  causes  of  error.  It  has  also  been  |K>ssible  to 
show  that  this  small  quantity  of  heat  is  nearly  double  that  given  out 
by  the  dark  portion  of  the  tegument  at  the  same  time.  The  existence 
of  these  calorific  rays  has  been  completely  confirmed  by  the  use  of  the 
bolometer,  an  instrument  which  informs  us,  as  it  appears,  that  the 
quantity  of  heat  given  off'  durhig  ten  minutes,  by  the  most  brilhant 
Pyrophorus,  is  a  seven -millionth  of  a  calory. 

The  most  sensitive  instruments  fail  to  show  any  electric  phenomena 
whatever  accompanying  the  production  of  the  light. 

The  experiments,  taken  together,  fully  justify  the  conclusions  which 
we  published  in  1880,"  namely,  that  in  contrast  with  artificial  light  in 
which  1)8  per  cent  of  the  energy  is  employed  otherwise  than  in  produc- 
ing illuminating  rays,  physiological  light  employs  effectively  98  per 
cent  of  energy,  with  only  2  per  cent  of  loss.  Besides  this  immense 
economic  superiority  there  should  be  mentioned  the  exceptional  quali 
ties  (organolei)tic  or  otherwise)  which  cause  the  Pyrophori  themselves 
to  prefer  their  own  beautiful  light  to   any  other,  it  never  causing 


'See  Les  £lat(^rides  Inmineux:  Bulletin  de  la  Soci<5t6  zoologiqae  de  France,  Paris, 
1880.  Tho  exactitude  of  the  physical  results  noted  in  that  work  has  been  fully  cor- 
robortited  by  the  confirmatory  resrarches  of  MM.  V(^ry  and  Langley  pnblished  in 
1800  («ce  rhil.  Magnz.,  XXX.  Serirs  V,  p.  260) ;  but  tliese  scientists  were  in  error  when 
they  said  that  I  had  not  been  able  to  show  the  existence  of  calorifie  rays. 
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conflagrations  and  never  being  extinguished  by  the  winds  nor  the  rain, 
being,  in  fact,  an  ideal  ilhiminant.  Neither  need  it  be  supposed  that 
these  little  lanterns  which  they  always  carry  with  them,  and  which  they 
can  use  at  any  moment,  cause  any  great  expenditure,  for  the  total  loss 
of  weight  of  twenty  Pyrophorl  in  three  days  and  three  nights  during 
which  they  had  shone  for  long  hours  was  found  by  experiment  to  be 
0.063  gram — that  is  to  say,  about  0.03  gram  per  insect,  and  during 
that  time  they  had  expended  much  more  energy  in  movement  than  in 
light  and  had  consumed  no  nutriment.  Was  I  not  right  when  I  said 
in  the  first  place  that  this  physiological  light  ought,  by  its  composi- 
tion, to  serve  as  a  type  for  the  artificial  light  of  the  future,  and  have 
not  the  recent  applications  of  zirconium  to  illumination  already  partly 
shown  the  accuracy  of  my  predictions!  Up  to  1886,  when  I  published 
my  first  researches,  nothing  was  thought  of  but  the  perfecting  of  the 
illuminating  apparatus  then  in  use.  1  believe  that  I  opened  a  new  and 
promising  field  for  future  progress  by  ishowing  the  inferiority  of  these 
means  when  compared  with  those  of  nature  and  by  placing  the  ques- 
tion uiH)n  the  ground  of  producing  illumination  by  a  new  method. 

U. 

Everything  goes  to  prove  that  there  is  no  analogy  between  the  actual 
mechanism  of  the  photogenic  function  and  our  industrial  methods,  and 
we  are  far  from  the  artless  explanation  of  the  blast  tubes  for  burning 
up  the  protoplasm,  but  the  analysis  of  the  physiological  mechanism  of 
the  photogenic  organs,  and  even  that  of  the  intracellular  modifications 
that  accomi)any  luminous  emission  (discussed  in  the  first  part  of  this 
article),  have  not  answered  the  philosophical  question,  much  more 
important  for  us  than  the  economic  one:  Is  the  production  of  physio- 
logical light  reducible  to  a  simple  physical  or  chemical  phenomenon? 

We  know  now  that  the  ultimate  element  of  the  phenomenon  is 
physical.    Let  us  examine  the  work  of  the  vital  function. 

It  will  be  remembered  that  the  photogenic  organ  of  Lampyra  dried 
and  pulverized  still  gives  out  light  when  the  amorphous  dust  is  mois- 
tened with  a  drop  of  water.  This  simple  experiment,  which  may  be 
repeated  with  a  multitude  of  other  photogenic  organisms,  suffices  to 
prove  that  it  is  neither  in  the  structure  nor  in  the  working  of  the 
organ  or  of  the  photogenic  cell  that  we  must  seek  for  the  ultimate 
cause  of  the  emission  of  light. 

For  simplicity,  we  will  first  confine  ourselves  to  the  consideration 
of  the  photogenic  matter  furnished  by  Fholan  dactylns,  because  that 
mollusk  produces  it  freely  and  quite  abundantly  in  the  form  of  a 
liquid  that  remains  luminous  even  after  being  filtered,  then  containing 
in  suspension  only  fine  protoplasmic  granulations  that  give  it  a  cloudy 
appearance.  These  semifluid  granulations,  which  1  have  called 
vacuolides  because  of  the  appearance  that  they  present  under  the 
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microscope,  and  which  are  found  in  all  photogenic  elements,  must  be 
the  plasmatic  or  microsomic  corpuscles  of  the  luminous  cells.^  They 
are  seen  to  undergo  a  series  of  metamorphoses  in  proportion  as  their 
photogenic  power  becomes  exhausted  (fig.  3). 

Like  all  protoplasm  undergoing  catabolic  changes — or,  to  express  it 
otherwise,  passing  from  life  to  death — these  granulations  lose,  with  the 
energy  which  they  emit,  their  colloidal  nature,  passing  to  the  crystal- 
loidal  state.  But  the  ]>hotogenic  protoplasmic  matter  survives  the 
animal  and  continues  to  shine  and  palpitate  for  quite  a  long  time  after 
somatic  death.  It  is  even  possible  to  retard  its  spontaneous  destruc- 
tion and  to  suspend  the  emission  of  light  by  covering  the  luminous 
organs  with  powdered  bichromate  of  soda.  There  is  then  formed  a 
peculiar  liquor,  which  becomes  luminous  upon  the  addition  of  water 
and  its  agitation  in  contact  with  air.  Immersion  in  vinegar  produces 
the  same  result,  and  the  light  may  be  made  to  reappear  after  several 
days  by  adding  ammonia.  But  there  is  no  method  by  which  it  can  be 
indefinitely  preserved.  The  most  advantageous  means  are  those  used 
for  preserving  pancreatic  ferments.  The  luminous  organs  sprinkled 
with  very  dry,  finely  powdered  carbonate  of  lime  are  dried  in  an  oven 
at  3C}^.  After  drying  they  are  separated  from  the  inert  i)owder  and 
macerated  in  absolute  alcohol  and  ether  at  60°.  Thus  treated,  these 
luminous  organs  may  be  relighted  by  contact  with  water  after  a  very 
long,  but  not  an  indefinite  time.  This  experiment  shows,  first,  that 
the  photogenic  substance  is  not  a  fatty  matter  soluble  in  alcohol  and 
ether,  as  has  been  supposed,  and,  second,  that  it  is  spontaneously 
destroyed  at  length,  in  spite  of  all  precautions  against  such  a  result. 
It  thus  behaves  exactly  like  certain  viruses,  such,  for  example,  as 
vaccine  matter.  Although  absolute  alcohol  does  not  destroy  it,  dilute 
alcohol  does,  and,  like  many  microorganisms,  it  can,  when  quite  dry, 
resist  a  temperature  of  120^,  but  in  the  presence  of  water  its  photogenic 
power  is  destroyed  at  60^. 

In  order  to  clearly  show  that  the  cell  and  the  photogenic  matter  are 
independent,  the  organs  prepared  as  I  have  just  indicated  should  be 
triturated  and  the  luminous  liquid  thus  produced  filtered;  with  this 
liquid  a  certain  number  of  reactions  may  be  obtained  which  I  will 
succinctly  state. 

Solutions  of  acids  or  of  energetic  bases  when  sufficiently  concentrated 
destroy  the  luminosity  immediately,  so  that  it  does  not  reappear  upon 
neutralizing  the  liquid.  A  great  number  of  neutral  chemical  com- 
pounds, such  as  the  chlorides  of  sodium,  magnesium,  and  potassium, 
sulphates  of  sodium,  magnesium,  etc.,  dissolved  in  sufficient  quantity 
in  the  liquid,  suspend  the  emission  of  light,  which,  however,  reappears 
upon  the  addition  of  a  sufficient  quantity  of  water.  All  the  reagents 
which  coagulate  albuminoid  substances,  such  as  tannin,  bichloride  of 


'See  Anatomie  et  physiologie  do  la  Pholade  dactyle :  Aimales  de  rUuiversit^  de 
Lyon,  II,  fasc.  2, 1892.     Published  by  Masson,  Paris. 
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mercury,  etc.,  immediately  suppress  the  luminosity,  which  fails  to 
reappear  when  water  is  added. 

The  antiseptics^  x>heuol  and  thymol,  aud  mauy  other  autiseptic  and 
an tizymotic  substances  extin  guish  physiological  light.  Reducing  agen  ts^ 
such  as  the  sulphydrates,  sulphites,  and  hydrogen,  suspend  the  photo- 
genic property.  It  is  also  extinguished  by  the  action  of  a  vacuum  or 
by  shaking  the  photogenic  liquor  with  animal  charcoal^  the  light  reap- 
pears on  agitation  with  air.  Oxidizing  reagents^  such  as  ozone,  oxygen- 
ated water,  and  pure  oxygen,  even  at  a  pressure  of  several  atmospheres, 
do  not  increase  the  intensity  of  the  luminous  phenomenon;  on  the  con- 
trary, the  action  of  energetic  oxidizing  reagents  at  once  and  finally 
extinguishes  the  light  without  first  causing  any  increase  in  its  luster. 

Gold — that  is  to  say,  a  temperature  of  — lo^  C— does  not  finally 
destroy  the  photogenic  power.  The  light  which  disappeared  on  the 
freezing  of  the  liquid  reappears  with  anabated  intensity  after  melting. 
Heat  excites  and  hastens  the  appearance  of  the  light,  whose  intensity 
increases  up  to  30°,  remains  nearly  constant  from  30^  to  55^,  then 
decreases  to  finally  disappear  at  60^.  Electricity  acting  upon  the  saline 
luminous  liquor  contained  in  a  U  tube  induces  a  series  of  interesting 
phenomena.  The  light  first  grows  pale  and  is  soon  extinguished  at  the 
negative  pole.  At  this  instant  the  positive  jwle  begins  to  be  obscured, 
and  a  moment  afterwards  only  the  lower  i)art  of  the  U  tube  shines. 
When  the  liquor  at  the  two  poles  is  extinguislied  and  the  current  is 
reversed  the  light  reappears  in  the  branch  in  which  the  positive  pole  is 
placed,  but  it  does  not  always  reappear  at  the  negative  pole.  There 
are  produced  during  electrolysis  about  the  electrodes  flocculous  depos- 
its in  which  there  may  be  distinguished  granulations  having  the  aspect 
of  more  or  less  modified  vacuolides.  It  is  easy  to  show  that  the  liquor 
ceases  to  shine  at  the  negative  pole  because  of  nascent  hydrogen  while 
it  is  extinguished  at  the  positive  ixde,  in  spite  of  the  presence  of  nas- 
cent and  ozonized  oxygen  because  the  liquid  becomes  strongly  acid. 

All  these  reactions,  as  well  as  many  others  which  I  pass  over,  sufti- 
ciently  prove  that  we  have  to  deal  with  a  protoplasmic  substance  whose 
spontaneous  destruction  may  be  retarded,  but  not  completely  sus- 
pended, and  which  behaves  toward  reagents  as  do  ferments,  whether 
figurate  or  not ;  as  do  viruses  ]  in  a  word,  as  does  living  matter 
reduced  to  its  simplest  expression,  living,  but  yet  incapable  of  repro- 
duction while  in  that  condition.  This  protoplasmic  living  matter,  after 
it  has  dissix)ated  in  the  form  of  light  the  energy  that  animated  it, 
becomes  changed  to  a  crude,  crystalline  substance,  and  this  is  death. 

The  constant  coexistence  of  these  colloidal  and  crystalloidal  sub- 
stances caused  me  to  think  that  one  of  them  acted  upon  the  other  to 
produce  light,  but  a  more  profound  study  showed  me  that  the  crystal- 
line substance  was  only  a  transformation  of  the  protoplasmic  substance, 
to  which  I  gave  the  name  luciferase. 

This  transformation  takes  place  under  the  influence  of  life,  water, 
and  a  suitable  temperature. 
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A  confirmation  of  the  accuracy  of  this  theory,  which  I  consider  as 
final,  has  been  furnished  by  my  recent  researches  upon  lumiuous 
myriapods.' 

The  Orya  barbarica  of  Algeria,  which  we  have  mentioned  in  the  first 
part  of  this  article,  secretes  by  special  hypodermic  unicellular  glands  a 
luminous  liquid  free  from  foreign  matter.  The  microscope  readily  reveals 
not  only  in  the  glandular  protoplasm,  but  also  in  the  secreted  product, 
the  vacuolides  or  photogenic  granulations,  which  can  be  seen  to  become 
transformed  into  magnificent  crystals  during  the  emission  of  light. 
When  the  phenomenon  is  completed  the  preparation  is  comx)osed 
wholly  of  crystals.  The  photogenic  matter  rapidly  dried  (on  filter 
paper,  for  example)  may  remain  in  a  colloidal  state  for  a  long  time  and 
become  reillumined  by  a  drop  of  water  when  exposed  to  air.  In  the 
particular  case  of  Orya  barbarica^  one  could  not  apply  the  hypothesis  of 
Eadziszewski,  that  the  luminosity  is  occasioned  by  a  pure  and  simple 
oxidation  of  certain  organic  substances  in  an  alkaline  medium  at  an 
ordinary  temperature,  for  the  secretion  of  Orya  is  clearly  acid.  Besides, 
all  the  reactions  indicated  for  Pholas  are  applicable  to  the  lumiuous 
secretion  of  this  Algerian  myriapod. 

III. 

Erom  all  these  observations  and  experiments,  the  following  conclu- 
sions may  be  drawn : 

First.  Tbe  photogenic  phenomenon  requires  for  its  accomplishment 
neither  the  integrity  of  the  organ  nor  of  the  cellular  elements;  the 
activity  of  the  cell  alone,  when  it  is  not  independent,  assures  the  activ- 
ity of  the  organ.  The  cell,  in  its  turn,  forms  the  photogenic  substance; 
but  that,  when  once  formed,  may  shine  or  become  extinguished  inde- 
j)endently  of  the  anatomical  element  that  produced  it,  according  to 
circumstances  affecting  its  environment. 

Second.  The  environment  must  be  such  as  to  satisfy  the  conditions 
indispensable  for  the  production  of  the  phenomena  of  life;  it  should 
contain  water,  be  oxygenated,  and  have  a  suitable  temperature. 

Third.  All  the  causes  that  suspend  or  abolish  the  activity  of  zymoses 
or  tigurate  ferments,  or,  to  speak  more  generally,  protoplasmic  activity, 
also  suspend  or  abolish  the  photogenic  function — that  is  to  say,  the 
l^roduction  of  physiological  light. 

Fourth.  It  is  in  jjassing,  by  reason  of  an  inevitable  ancestral  impul- 
sion, from  the  state  of  living  protoplasmic  granulations  to  the  state  of 
crude  crystalloid  matter  that  the  photogenic  substance  disengages  at 
one  and  the  same  time,  under  the  form  of  light,  the  evolutive  energy 
received  from  its  ancestors  and  the  compensatory  energy  drawn  from 
its  environment. 


'8eo  CoiupU58  renclus  d©  rAcadcmio  il?^  SQienoes,  17  juillet,  1893. 
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The  final  result  of  the  photogenic  phenomenon  is,  then,  a  physico- 
chemical  one — physical  as  regards  the  emission  of  light,  chemical  as 
regards  the  formation  of  a  crystalline  substance;  but  the  formation 
and  transformations  of  the  photogenic  protoplasmic*^  granulations  are 
the  result  of  a  physiological  process  and  are  the  exclusive  domain  of 
biological  mechanics. 

77e  may  perhaps  better  comprehend  the  importance  of  the  solution 
of  the  problem  of  the  mechanism  of  the  photogenic  function,  a  solution 
which  we  have  sought  for  many  years,  if  we  again  read  the  words  of 
Claude  Bernard,  which  are,  as  might  be  said,  the  scientific  testament 
of  that  illustrious  physiologist,  since  they  were  those  delivered  by  him 
at  the  close  of  the  last  lecture  which  he  gave  at  the  Museum,  on  the 
"Phenomena  of  life  common  to  animals  and  vegetables,''  some  time 
before  his  death. 

"  Arrived  at  the  termination  of  our  studies,  we  see  that  they  lead  us 
to  a  very  general  conclusion,  the  result  of  experiment;  namely,  that 
between  the  two  schools,  one  holding  that  vital  phenomena  are  abso- 
lutely distinct  from  physico-chemical  phenomena,  the  other  that  they 
are  wholly  identical  with  them,  there  is  place  for  a  third  doctrine, 
that  of  physical  vitalism,  which  takes  account  of  what  there  is  peculiar 
in  the  manifestations  of  life,  and  what  there  is  that  conforms  to  the 
action  of  general  forces;  the  ultimate  element  of  the  phenomenon  is 
physical,  the  arrangement  is  vital."  ^ 

The  study  of  the  photogenic  function  conducts  usr  to  physicovitalism, 
or,  more  exactly,  to  biological  dynamics,  which  is  a  department,  but  a 
special  department,  of  general  mechanics. 


^  LeyoDB  sar  lea  ph^nomenes  de  la  vie,  Paris,  1879,  p.  524. 
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By  William  A.  Herdman,  F.  R.  S. 


This  year,  for  the  first  time  in  the  history  of  the  British  Association, 
Section  D  meets  without  including  in  the  range  of  its  subject-matter 
the  science  of  botany.  Zoology  now  remains  as  the  sole  occupant  of 
Section  D — that  "  Fourth  Committee  of  Sciences,''  as  it  was  at  first 
called,  more  than  sixty  years  ago,  when  our  subject  was  one  of  that 
group  of  biological  sciences,  the  others  being  botany,  physiology,  and 
anatomy.  These  allied  sciences  have  successively  left  us.  Like  a 
prolific  mother,  our  section  has  given  rise  one  after  another  to  the  now 
independent  sections  of  anthropology,  physiology,  and  botany.  Our 
subject-matter  has  been  greatly  restricted  in  scope,  but  it  is  still  very 
wide — this  year,  when  Section  I,  devoted  to  the  more  special  physiology 
of  the  medical  physiologist,  does  not  meet,  perhaps  a  little  wider  than 
it  may  be  in  other  years,  since  we  are  on  this  occasion  credited  with 
the  subject  "Animal  physiology" — surely  always  an  integral  part  of 
zoology!  It  is  to  be  hoped  that  this  section  will  always  retain  that 
general  and  comparative  physiology  which  is  inseparable  from  the  study 
of  animal  form  and  structure.  The  late  Waynflete  professor  of  physi- 
ology at  Oxford,  in  his  Newcastle  address  to  this  section,  said  "that 
every  appreciable  diflference  in  structure  corresponds  to  a  difference  of 
function"  (Burden- Sanderson,  British  Association  Report  for  1889), 
and  his  successor,  the  present  Waynflete  professor,  has  shown  us  "how 
pointless  is  structure  apart  from  function,  and  how  baseless  and  unsta- 
ble is  function  apart  from  structure"  (Gotch,  "Presidential  address  to 
l>iverpool  Biological  Society,"  Vol.  IX,  1894) — the  "argument  for  the 
simultaneous  examination  of  both  "  in  that  science  of  zoology  which 
we  profess  is,  to  my  mind,  irresistible. 

We  include  also  in  our  subject-matter,  besides  the  adult  structure 
and  the  embryonic  development  of  animals,  their  distribution  both  in 
space  and  time,  the  history  and  structure  of  extinct  forms,  speciography 
and  classification,  the  study  of  the  habits  of  animals  and  all  that  mass 


'Opening  address  at  the  Ipswich  meeting  of  the  British  Association  for  the 
Advancement  of  Science,  1895.  By  WiHiam  A.  Herdman,  D.  Sc,  F.  R.  S.,  F.  L.  S., 
F.  R.  S.  E.,  professor  of  natural  history  in  University  College.  Printed  in  Report  of 
the  British  Association,  1895,  and  in  Nature,  No.  1351,  vol.  52,  September  19,  1895, 
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of  lore  and  philosophy  which  has  gathered  aromidinquiries  into  instinct, 
breeding,  and  heredity.  I  trnst  that  the  discussion  of  matters  con- 
nected witli  evolation  will  always,  to  a  large  extent,  remain  with  this 
Section  D,  which  has  witnessed  in  the  past  the  addresses,  papers,  dis- 
cussions, and  triumphs  of  Darwin,  Huxley,  and  Wallace. 

When  the  British  Association  last  met  in  Ipswich,  in  1851,  Section 
D,  under  the  presiden(»y  of  Professor  Henslow,  still  included  zoology, 
botany,  and  physiology,  and  a  glance  through  the  volumes  of  reports 
for  that  and  neighboring  years  recalls  to  us  that  our  subject  has  under- 
gone great  and  striking  developments  in  the  forty-four  years  that  have 
elapsed.  Zoology  was  still  pre-Darwinian  (though  Charles  Darwin  was 
then  in  the  thick  of  his  epoch  making  work — both  what  he  calls  his 
"plain  barnacle  work"  and  his  "theoretic  species  work^).  (See  Life  and 
Letters,  Vol.  I,  p.  380.)  Although  the  cell  theory  had  been  launched 
a  decade  before,  zoologists  were  not  yet  greatly  cencerned  with  those 
minute  structural  details  which  have  since  built  up  the  science  of  his- 
tology. The  heroes  of  our  science  were  then  chiefly  those  glorious  field 
naturalists,  observers,  and  systematists  who  founded  and  established 
on  a  firm  basis  British  marine  zoology.  Edward  Forbes,  Joshua  Alder, 
Albany  Hancock,  were  then  in  active  work.  George  Johnston  was  at 
his  zoophytes,  Bowerbank  at  sponges,  Busk  at  polyzoa.  Forbes's  short, 
brilliant  career  was  nearly  run.  He  probably  did  more  than  any  of  his 
contemporaries  to  advance  marine  zoology.  In  the  previous  year,  at 
the  Edinburgh  meeting  of  the  association,  he  and  his  friend  MaczVndrew 
had  read  their  classic  reports  (British  Association  Report  for  1850,  p. 
192  et  seq.)  "On  the  investigation  of  British  marine  zoology  by  means 
of  the  dredge,^  and  "On  south  European  marine  invertebrata,^  which 
mark  the  high-water  lev^el  reached  at  that  date,  and  for  some  time 
afterwards,  in  the  exploration  of  our  coasts  and  the  explanation  of  the 
distribution  of  our  marine  animals.  At  the  Belfast  meeting,  which  fol- 
lowed Ipswich,  Forbes  exhibited  his  great  map  of  the  distribution  of 
marine  life  in  "Homoiozoic  belts."  In  November,  1854, he  was  dead, 
six  months  after  his  api)ointment  to  the  goal  of  his  ambition,  the  pro- 
fessorship at  Edinburgh,  where,  had  he  lived,  there  can  be  no  doubt  he 
would,  with  hia  brilliant  ability  and  unique  personality,  have  founded 
a  great  school  of  marine  zoology. 

To  return  to  the  early  fifties,  Huxley — whose  recent  loss  to  science, 
to  philosophy,  to  culture,  we,  in  common  with  the  civilized  world,  now 
deplore — at  that  time  just  returned  from  the  memorable  voyage  of  the 
RattJeHiialcej  was  opening  out  his  newly  acquired  treasures  of  compara- 
tive anatomy  with  papers  on  Siphonophora  and  on  Sagitta,  and  one  on 
the  structure  of  Ascidians,  in  which  he  urged — fourteen  years  before 
Kowalevsky  established  it  on  embryological  evidence  in  1806 — that 
their  relations  were  with  Amphioxus,  as  we  now  believe,  rather  than 
with  the  Polyzoa  or  the  Lamellibranchiata,  as  had  formerly  been  sup- 
posed.   Bates  was  then  on  the  Amazons,  Wallace  was  just  going  oat 
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to  the  Malay  Archipelago,  Wyville  Thomson,  Hincks,  and  Carpenter, 
the  saoeessors  of  Forbes,  Johnston,  and  Aider,  were  beginning  their 
life  work.  Abroad  that  great  teacher  and  investigator,  Johannes 
Miiller,  was  training  among  his  pupils  the  most  eminent  zoologists, 
anatomists,  and  physiologists  of  the  succeeding  quarter  century.  In 
this  country,  as  we  have  seen,  Huxley  was  just  beginning  to  publish 
that  splendid  series  of  researches  into  the  structure  of  nearly  all  groups 
Id  the  animal  kingdom  to  which  comparative  anatomy  owes  so  much. 
In  fact,  the  few  years  before  and  after  the  last  Ipswich  meeting  wit- 
nessed the  activity  of  some  of  the  greatest  of  our  British  zoologists — 
the  time  was  pregnant  with  work  which  has  since  advanced,  and  in 
some  respects  revolutionized  our  subject.  It  was  then  still  usual  for 
the  naturalist  to  have  a  comi)etent  knowledge  of  the  whole  range  of  the 
natural  sciences.    Edward  Forbes,  for  example,  was  a  botanist  and  a 
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geologist,  as  well  as  a  zoologist.  He  occupied  the  chair  of  botany  at 
King^s  College,  London,  and  the  presidential  chair  of  the  geological 
section  of  the  British  Association  at  Liverpool  in  1854.  That  excessive 
specialization,  from  which  most  of  us  suff'er  in  the  present  day,  had  not 
yet  arisen;  and  in  the  comprehensive,  but  perhaps  not  very  detailed 
survey  of  his  subject  taken  by  one  of  the  field  naturalists  of  that  time, 
we  find  the  beginnings  of  different  lines  of  work,  which  have  since 
developed  into  some  half  dozen  distinct  departments  of  zoology,  are 
now  often  studied  independently,  and  are  in  some  real  danger  of  losing 
touch  with  one  another.     (See  diagram.) 

The  splendid  anatomical  and  "morphological"  researches  of  Huxley 
and  Johannes  Miiller  have  been  continued  by  the  more  minute  histo- 
logical or  cellular  work  rendered  possible  by  improvements  of  the 
microtome  and  the  microscox)e,  until  at  last  in  these  latter  ye^rs  we 


436      OCEANOGRAPHY,  BIONOMICS,  AND  AQUICULTURE. 

investigate  not  merely  the  cellular  auatomy  of  the  body,  but  the  anat- 
omy of  the  cell — if,  indeed,  we  are  permitted  to  talk  of  '^  cell ''  at  all,  and 
are  not  rather  constrained  to  express  our  results  in  terms  of  ^^cytomi- 
crosomes,"  *^  somacules,"  or  "  idiosomes,"  and  to  regard  our  morpholog- 
ical unit,  the  cell,  as  a  symbiotic  community  containing  two  colonies  of 
totally  dissimilar  organisms.  (See  Watasc  in  '^  Wood's  HoU  Biological 
Lectures,''  1893.)  To  such  cytological  investigations  may  well  be 
applied  Lord  Macaulay's  aphorism,  "A  point  which  yesterday  was 
invisible  is  its  goal  to-day,  and  will  be  its  starting  point  to-morrow." 

Somewhat  similar  advances  in  methods  have  led  us  from  the  life 
histories  studied  of  old  to  the  new  and  fascinating  science  of  embry- 
ology. The  elder  Milne-Edwards  and  Van  Beneden  knew  that  in  their 
life  histories  Ascidians  produced  tadpole-like  young.  Kowalevsky 
(1866)  showed  that  in  their  embryonic  stages  these  Ascidian  tadpoles 
have  the  beginnings  of  their  chief  systems  of  organs  formed  in  essen- 
tially the  same  manner  and  from  the  same  embryonic  layers  as  in  the 
case  of  the  frog's  tadpole  or  any  other  typical  young  vertebrate;  and 
now  we  are  not  content  with  less  than  tracing  what  is  called  the  "cell- 
lineage"  of  such  Ascidian  embryos,  so  as  to  show  the  ancestry  and 
descendants,  the  traditions,  pecnliarities  of,  and  influences  at  work 
upon  each  of  the  embryonic  cells — or  areas  of  protoplasm — throughont 
many  complicated  stages.  And  there  is  now  opening  up  from  this  a 
great  new  field  of  experimental  and  "mechanical"  embryology,  in  which 
we  seek  the  clew  to  the  explanation  of  particular  processes  and  changes 
by  determining  under  what  conditions  they  take  place,  and  how  they 
are  aflfected  by  altered  conditions.  We  are  brought  face  to  face  with 
such  curious  problems  as,  Why  does  a  frog's  egg,  in  the  two-celled  stage, 
of  which  one-half  has  been  destroyed,  develop  into  half  an  embryo  when 
it  is  kept  with  one  (the  black)  surface  uppermost,  and  into — not  half  an 
embryo,  but — a  whole  embryo  of  half  the  usual  size  if  kept  with  the 
other  (the  white)  surface  upward.  Apparently,  according  to  the  con- 
ditions of  the  experiment,  we  may  get  half  embryos  or  whole  embryos 
of  half  size  from  one  of  the  first  two  cells  of  the  frog's  egg.^ 

One  of  the  most  characteristic  studies  of  the  older  field  naturalists, 
the  observation  of  habits,  has  now  become,  under  the  influence  of  Dar- 
winism, the  "Bionomics"  of  the  present  day,  the  study  of  the  relations 
between  habit  and  structure  and  environment — a  most  fascinating  and 
promising  field  of  investigation,  which  may  be  confidently  expected  to 
tell  us  much  in  the  future  in  regard  to  the  competition  between  si)ecie8, 
and  the  useful  or  indiflferent  nature  of  specific  characters. 

Other  distinct  lines  of  zoological  investigation,  upon  which  I  shall 
not  dwell,  are  geographical  distribution  and  paleontology — subjects 
in  which  the  zoologist  comes  into  contact  with  and  may  be  of  some 
service  to  his  fellow-workers  in  geology.    And  there  still  remains  the 


'See  Morgan,  ^'Anat.  Anzeig.,"  1895,  X,  Bd.  p.  623,  and  recent  papers  by  Kqux, 
Hertwig,  Bom,  and  O.  Sohultze. 
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central  avenue  of  tbe  wide  zoological  domain — that  of  speciograpby  and 
systematic  zoology — which  has  been  cultivated  by  the  great  classifiers 
and  monographers  from  Linnaeus  to  Haeckel,  and  has  culminated  in  our 
times  in  the  magnificent  series  of  fifty  quarto  volumes,  setting  forth 
the  scientific  results  of  the  Challenger  expedition;  a  voyage  of  discov- 
ery comparable  only  in  its  important  and  wide-reacliing  results  with 
the  voyages  of  Columbus,  Gama,  aud  Magellan  at  the  end  of  the  fif- 
teenth century.  It  is  now  so  long  since  the  Challenger  investigations 
commenced  that  few,  I  suppose,  outside  the  range  of  professional  zoolo- 
gists are  aware  that  although  the  expedition  took  place  in  1872  to  1876, 
the  work  resulting  therefrom  has  been  going  on  actively  until  now — 
for  nearly  a  quarter  of  a  century  in  all — and  in  a  sense,  and  a  very  real 
one,  will  never  cease,  for  the  Challenger  has  left  an  indelible  mark  upon 
science,  and  will  remain  through  the  ages  exercising  its  powerful,  guid- 
ing influence,  like  the  work  of  Aristotle,  Newton,  and  Darwin. 

Most  of  the  authors  of  the  special  memoirs  on  the  sea  and  its  various 
kinds  of  inhabitants  have  interpreted  in  a  liberal  spirit  the  instruc- 
tion they  received  to  examine  and  describe  the  collections  intrusted  to 
them,  and  have  given  us  very  valuable  summaries  of  the  condition  of 
our  knowledge  of  the  animals  in  question,  while  some  of  the  reports 
are  little  less  than  complete  monographs  of  the  groups.  I  desire  to 
pay  a  tribute  of  respect  to  my  former  teacher  and  scientific  chief.  Sir 
"Wyville  Thomson,  to  whose  initiative,  along  with  Dr.  W.  B.  Carpenter, 
we  owe  the  first  inception  of  our  now  celebrated  deep-sea  dredging 
expeditious,  and  to  whose  scientific  enthusiasm,  combined  with  admin- 
istrative skill,  is  due  in  great  part  the  successful  accomplishment  of  the 
Lightning^  the  Porcupine^  and  the  Challenger  expeditions.  Wyville 
Thomson  lived  long  enough  to  superintend  the  first  examination  of  the 
collections  brought  home,  their  division  into  groups,  and  the  allotment 
of  these  to  specialists  for  description.  He  enlisted  the  services  of  his 
many  scientific  friends  at  home  and  abroad,  he  arranged  the  general 
plan  of  the  work,  decided  upon  the  form  of  publication,  and  died  in 
1882,  after  seeing  the  first  ten  or  twelve  zoological  reports  through  the 
press. 

Within  the  last  few  months  have  been  issued  the  two  concluding 
volumes  of  this  noble  series,  dealing  with  a  summary  of  the  results, 
conceived  and  written  in  a  masterly  manner  by  the  emiuent  editor  of 
the  reports,  Dr.  John  Murray.  An  event  of  such  first-rat^e  importance 
in  zoology  as  the  completion  of  this  great  work  ought  not  to  pass 
unnoticed  at  this  zoological  gathering.  I  desire  to  express  my  appre- 
ciation and  admiration  of  Dr.  Murray's  work,  and  I  do  not  doubt  that 
the  section  will  permit  me  to  convey  to  Dr.  Murray  the  congratulations 
of  the  zoologists  present,  and  their  thanks  for  his  splendid  services  to 
science.  Murray,  in  these  "Summary"  volumes,  has  given  definireness 
of  scope  and  purpose  and  a  tremendous  impulse  to  that  branch  of 
science — ^mainly  zoological — which  is  coming  to  be  called 
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Oceanography  is  the  meeting  ground  of  most  of  the  sciences.  It 
deals  with  botany  and  zoology,  "including  animal  physiology;"  chem 
istry,  physics,  mechanics,  meteorology,  and  geology  all  contribute,  and 
the  subject  is  of  course  intimately  connected  with  geography,  and  has 
an  incalculable  influence  ui)on  mankind,  his  distribution,  character- 
istics, commerce,  and  economics.  Thus  oceanography,  one  of  the  latest 
developments  of  marine  zoology,  extends  into  the  domain  of,  and  ought 
to  find  a  place  in,  every  one  of  the  sections  of  the  British  Association. 

Along  with  the  intense  specialization  of  certain  lines  of  zoology  in 
the  last  quarter  of  the  nineteenth  century,  it  is  important  to  notice 
that  there  are  also  lines  of  investigation  which  require  an  extended 
knowledge  of,  or  at  least  make  use  of  the  results  obtained  from,  various 
distinct  subje(*ts.  One  of  these  is  oceanography,  another  is  bionomics, 
which  I  have  referrexi  to  above,  a  third  is  the  philosophy  of  zoology, 
or  all  those  studies  which  bear  upon  the  theory  of  evolution,  and  a 
fourth  is  the  investigation  of  practical  fishery  i)roblems,  which  is 
chierty  an  application  of  marine  zoology.  Of  these  four  subjects— 
which,  while  analytic  enough  in  the  detailed  investigation  of  any  par- 
ticular problem,  are  synthetic  in  drawing  together  and  making  use 
of  the  various  divergent  branches  of  zoology  and  the  neighboring 
sciences — oceanography,  bionomics,  and  the  fisheries  investigation  are 
most  closely  related,  and  I  desire  to  devote  the  remainder  of  this 
address  to  the  consideration  of  some  points  in  connection  with  their 
present  position. 

Dr.  Murray,  in  a  few  only  too  brief  paragraphs  at  the  end  of  his 
detailed  summary  of  the  results  of  the  Challenger  expedition,  ^hieh  I 
have  alluded  to  above,  states  some  of  the  views,  highly  suggestive  and 
original,  at  which  he  has  himself  arrived  from  his  unique  experience. 
Some  of  his  conclusions  are  very  valuable  contributions  to  knowledge, 
which  will  no  doubt  be  adopted  by  marine  zoologists.  Others,  I  ven- 
ture to  think,  are  less  sound  and  well  founded,  and  will  scarcely  stand 
the  test  of  time  and  further  experience.  But  for  all  such  statements,  or 
even  suggestions,  we  should  be  thank  fill.  They  do  much  to  stimulate 
further  rcvsearch;  they  serve,  if  they  can  neither  be  refuted  nor  estab- 
lished, as  working  hypotheses;  and  even  if  they  have  to  be  eventually 
abandoned,  we  should  bear  in  mind  what  Darwin  has  said  as  to  the 
difference  in  their  influence  on  science  between  erroneous  facts  and 
erroneous  theories :  *' False  facts  are  highly  injurious  to  the  progress 
of  science,  for  they  often  endure  long;  but  false  views,  if  supi^orted  by 
some  evidence,  do  little  harm,  for  everyone  takes  a  salutary  pleasure  in 
proving  their  falseness;  and  when  this  is  done,  one  path  toward  error 
is  closed,  and  the  road  to  truth  is  often  at  the  same  time  opened." 
(Darwin:  The  Descent  of  Man,  second  edition,  1882,  p.  006). 

With  all  respect  for  Murray's  work,  and  fully  conscious  of  my  own 
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temerity  in  ventaring  to  differ  from  one  who  baa  bad  such  an  extended 
experience  of  the  sea  and  its  problems,  1  .am  constrained  to  express 
my  disagreement  with  some  of  his  conclusions.  And  I  am  encouraged 
to  do  so  by  the  belief  that  Murray  will  rightly  feel  that  the  best  compli- 
ment which  zoologists  can  pay  to  his  work  is  to  give  it  carefu],  detailed 
consideration,  and  discuss  it  critically.  He  will,  I  am  sure,  join  me  in 
the  hope  that,  whether  his  views  or  mine  prove  the  false  oues,  we  may 
be  able,  by  their  discussion,  to  close  a  "  path  toward  errpr,"  and  possi- 
bly open  *'  the  road  to  truth." 

One  of  the  points  upon  which  Murray  lays  considerable  stress,  and 
to  the  elaboration  of  which  he  devotes  a  prominent  i)osition  in  his 
*^  General  observations  on  the  distribution  of  marine  organisms,"  is  the 
presence  of  what  he  has  called  a  ^^  mud-line"  around  coasts  at  a  depth 
of  about  100  fathoms.  It  is  the  point  "  at  which  minute  particles  of 
organic  aud  detrital  matters  in  the  form  of  mud  begin  to  settle  on  the 
bottom  of  the  ocean."  He  regards  it  as  the  great  feeding  ground,  and 
a  place  where  the  fauna  is  most  abundant,  and  from  which  there  have 
Lived  off,  so  to  speak,  the  successive  swarms  or  migrations  which 
have  peopled  other  regions — the  deep  waters,  the  open  sea,  the  shallow 
waters  and  the  estuaries,  fresh  waters,  and  land.  Murray  thus  gives 
to  his  mudline  both  a  present  and  an  historic  importance  which  can 
scarcely  be  surpassed  in  the  economy  of  life  on  this  globe.  I  take  it 
that  the  historic  and  the  present  importance  stand  or  fall  together — 
that  the  evidence  as  to  the  origin  of  faunas  in  the  past  is  derived  from 
their  distribution  at  the  ])resent  day,  and  I  am  inclined  to  think  that 
Murray's  opinion  as  to  the  distribution  of  animals  in  regard  to  the 
mud-line  is  not  entirely  in  accord  with  the  exi)erience  of  specialists, 
and  is  not  based  upon  reliable  statistics.  Murray's  own  statement  is 
{Cluillenger  Exi^edition,  Summary,  Vol.  II,  p.  1433):  ''A  depth  is 
reached  along  the  continental  shores  facing  the  great  oceans  immedi- 
ately below  which  the  conditions  become  nearly  uniform  in  all  parts  of 
the  world,  and  where  the  fauna  likewise  presents  a  great  uniformity. 
This  depth  is  usually  not  far  above  nor  far  below  the  100-fathom 
line,  and  is  marked  out  by  what  I  have  elsewhere  designated  as  the 
Mtidline.  •  -  -  Here  is  situated  the  great  feeding  ground  in  tlie 
ocean  -  -  - "  and  he  then  goes  on  (p.  1434)  to  enumerate  the  Crusta- 
ceans, such  as  species  of  Calanus^Etichwta,  PasiplKea,  Crangonj  CalovariSj 
Pandalusj  Hippolyte^  many  amphipods,  isopods,  and  immense  numbers 
of  schizopods,  which  swarm,  with  fishes  and  cephalopods,  immediately 
over  this  mud  deposit.  Now,  I  venture  to  think  that  the  experience. of 
some  of  those  who  have  studied  the  marine  zoology  of  our  own  coasts 
does  not  bear  out  this  statement.  In  the  first  place,  our  experience  in 
the  Irish  Sea  is  that  mud  may  be  found  at  almost  any  depth,  but  is  very 
varied  in  its  nature  and  in  its  source.  There  may  even  be  mud  laid 
down  between  tide  marks  in  an  estuary  where  a  very  considerable  cur- 
rent runs.    A  deposit  of  mud  may  be  due  to  the  presence  of  an  eddy 
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or  a  sheltered  comer  in  which  the  finer  particles  saspended  in  the  water 
are  able  to  sink,  or  it  may  be  due  to  the  wearing  away  of  a  limestone 
beach,  or  to  quantities  of  alluvium  brought  down  by  a  stream  from  the 
land,  or  to  the  presence  of  a  submerged  bed  of  bowlder  clay,  or  even,  in 
some  places,  to  the  sewage  and  refuse  from  coast  towns.  Finally,  there 
is  the  deep-water  mud,  a  very  stiff  blue-gray  substance  which  sets, 
when  dried,  into  a  firm  clay,  and  this  is,  I  take  it,  the  mud  of  which 
Dr.  Murray  writes.  But  in  none  of  these  cases,  and  certainly  not  in 
the  last  mentioned,  is  there  in  my  experience  or  in  that  of  several  other 
naturalists  I  have  consulted,  any  rich  fauna  associated  with  the  mud. 
In  fact,  I  would  regard  mud  as  supporting  a  comparatively  poor  fauna 
as  compared  with  other  shallow- water  deposits. 

For  practical  purposes,  round  our  own  British  coasts,  it  is  still  con- 
venient to  make  use  of  the  zones  of  depth  marked  out  by  Forbes.  The 
first  of  these  is  the  "  Littoral  zone,"  the  space  between  tide  marks, 
characterized  by  the  abundance  of  seaweeds,  belonging  to  the  genera 
Lichina,  Fucuhj  Enter omorpha^  Polysiphonia^  and  others,  and  by  large 
numbers  of  individuals  belonging  to  common  species  of  Balanus, 
MytiluSy  Littoriiia,  Purpura^  and  Patella  amongst  animals.  The  second 
zone  is  the  ^' Laminarian,-'  which  extends  from  low-water  mark  to  a 
depth  of  a  few  fathoms,  characterized  by  the  abundant  growth  of  large 
seaweeds,  belonging  to  the  genera  Laminarla^  Alaria,  and  HimanthcUia^ 
and  by  the  presence  of  the  beautiful  red  seaweeds  (Florideae).  There 
is  abundance  of  vegetable  food,  and  animals  of  all  groups  swarm  iu 
this  zone,  the  numbers  both  of  species  and  of  individuals  being  very 
great.  The  genera  Helcion,  Trochm^  and  Lacuna  are  characteristic 
molluscan  forms  in  our  seas.  Next  comes  Forbes's  "Coralline"  zone, 
badly  so  -named,  extending  from  about  10  to  40  or  50  fathoms  or  so. 
Here  we  are  beyond  the  range  of  the  ordinary  seaweeds,  but  the 
calcareous,  coral-like  Nullipores  are  present  in  places  in  such  abun- 
dance as  to  make  up  deposits  covering  the  floor  of  the  sea  for  miles. 
Hydroid  zoophytes  and  polyzoa  are  also  abundant,  and  it  is  in  this  zone 
that  we  find  the  shell  beds  lying  oft'  our  coasts,  produced  by  great 
accumulations  of  species  of  PecteUj  Ostrea,  Pectuncidwtj  Fuswt,  and 
Buccinumj  and  forming  rich  feeding  grounds  for  many  of  our  larger 
fishes.  All  groups  of  marine  animals  are  pretty  well  represented  in 
this  zone,  and  Antedon^  Ophiothrix^  Ophioglypha,  Ehalia,,  Inachun^  and 
Eurynome  may  be  mentioned  as  characteristic  genera.  Lastly,  there  is 
what  may  be  appropriately  called  the  zone  of  deep  mud  (although 
ForJbes  did  not  call  it  so),  extending  from  some  50  fathoms  down  to  (in 
our  seas)  100  or  so.  The  upper  limit  of  this  zone  is  Murray's  mud-Hue. 
We  come  upon  it  in  the  deep  fjord-like  sea  lochs  on  the  west  of  Scot- 
land, and  in  the  Irish  Sea  to  the  west  of  the  Isle  of  Man. 

Now,  of  these  four  zones,  my  experience  is  that  the  last — that  of 
the  deep  mud — has  by  far  the  poorest  fauna  both  in  species  and  iu 
individuals.    The  mud  has  a  x>cculiar  fauna  and  one  of  great  interest 
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to  the  zoologist,  but  it  is  not  a  rich  fauna.  It  contains  some  rare  and 
remarkable  animals  not  found  elsewhere,  such  as  Calocaris  macandrewy 
Panthaliis  oertftedij  lApobranchitiH Jeffreys^  BrissopHs  lyrifera,  Atnpkiura 
chiajii,  Isocardia  coVj  and  Sugar  tin  herdmani;  and  a  few  sti  iking  novel- 
ties have  been  described  from  it  of  late  years,  but  we  have  no  reason 
to  believe  that  the  number  of  these  is  great  compared  with  the  num- 
ber of  animals  obtained  from  shallower  waters. 

Dr.  Murray  not  only  insists  upon  the  abundance  of  animals  on  the 
mud,  and  its  importance  as  the  great  feeding  ground  and  place  of 
origin  of  life  in  the  ocean,  but  he  also  (p.  1432)  draws  conclusions  as  to 
the  relative  numbers  of  animals  taken  by  a  single  haul  of  the  trawl  in 
deep  and  shallow  waters  which  can  scarcely  be  received,  I  think,  by 
marine  zoologists  without  a  protest.  His  statement  runs  (p.  1432) :  ^<  It 
is  interesting  to  compare  single  hauls  made  in  the  deep  sea  and  in 
shallow  water  with  respect  to  the  number  of  different  species  obtained. 
For  instance,  at  station  146  in  the  Southern  Ocean,  at  a  depth  of  1,375 
fathoms,  the  200  specimens  captured  belonged  to  59  genera  and  78 
species."  That  was  with  a  10- foot  trawl  dragged  for  at  most  2  miles 
during  at  most  two  hours.  Murray  then  goes  on  to  say:  "In  depths 
less  than  50  fathoms,  on  the  other  hand,  I  can  not  find  in  all  my  experi- 
ments any  record  of  such  a  variety  of  organisms  in  any  single  haul  even 
when  using  much  larger  trawls  and  dragging  over  much  greater  dis- 
tances." He  quotes  the  statistics  of  the  Scottish  fishery  board's 
trawlings  in  the  North  Sea,  with  a  25-foot  trawl,  to  show  that  tiio 
average  catch  is  7.3  species  of  invertebrata  and  8.3  species  of  fisli, 
the  greatest  number  of  both  together  recorded  in  one  haul  being  29 
species.  Murray's  own  trawlings  in  the  west  of  Scotland  gave  a  much 
greater  number  of  species,  sometimes  as  many  as  50,  *<  still  not  such  a 
great  variety  of  animals  as  was  j>rocured  in  many  instances  by  the 
Challenger^s  small  trawl  in  great  depths. 

Now,  in  the  first  place,  it  is  curious  that  Murray's  own  table  on  page 
1437,  in  which  he  shows  that  the  *' terrigenous"  deposits  lying  along  the 
shore  lines  yield  many  more  animals,  both  specimens  and  species,  per 
haul,  than  do  the  "pelagic"  deposits'  at  greater  depths,  such  as  red 
clays  and  globigerina  oozes,  seems  directly  opposed  to  the  conclusion 
quoted  above.  In  the  second  place,  I  am  afraid  that  Dr.  Murray  has 
misunderstood  the  statistics  of   the  Scottish  fishery  board  when  he 


'  One  of  the  earliest  of  the  Challenger  oceanographic  results,  the  classification  of  the 
submarine  deposits  into  ''terrigenous"  and  "pelagic,"  seems  inadequate  to  repre- 
sent fully  the  facts  in  regard  to  sea  bottoms,  so  I  am  proposing  elsti where  ("Report 
of  Irish  Sea  Committee")  the  following  amended  classification:  (1)  Terrigenous 
(Murray),  where  thtt  deposit  is  formed  chiefly  of  mineral  particles  derived  from  the 
waste  of  the  land;  (2)  Neritic,  where  the  deposit  is  chiefly  of  organic  origin,  and  is 
derived  from  the  shells  and  other  hard  parts  of  the  animals  and  plants  living  on  the 
bottom;  (3)  Planktonio  (Murray^s  "pelagic"),  where  the  greater  part  of  the  deposit 
is  formed  of  the  remains  of  free-swimming  animals  and  plants  which  lived  in  the  sea 
over  the  deposit. 
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quotes  them  as  showing  that  only  7.3  or  so  si>ecies  of  invertebrates  are 
brought  up,  on  the  average,  iu  the  trawl  net.  I  happen  to  know  from 
Mr.  Thomas  Scott,  F.  L.  S.,  the  naturalist  who  has  compiled  the  sta- 
tistics in  question,  and  also  Irom  my  own  observations  when  on  board 
the  Garland  on  one  of  her  ordinary  trawling  expeditions,  that  the 
iuvertebrata  noted  down  on  the  station  sheet  are  merely  a  few  of  the 
more  conspicuous  or  in  other  ways  noteworthy  animals.  No  attempt 
is  made — nor  could  possibly  be  made  in  the  time — by  the  one  naturalist 
who  has  to  attend  to  tow  nets,  water  bottle,  the  kinds,  condition,  food, 
etc.,  of  the  fish  caught  and  other  matters — to  give  anything  like  a  com 
plete  or  even  approximate  list  of  the  species,  still  less  the  number  of  indi 
viduals,  brought  np  in  the  trawl.  I  submit,  therefore,  that  it  is  entirely 
misleading  to  compare  those  Scottish  fishery  board  statistics,  which 
were  not  meant  for  such  a  purpose,  but  only  to  give  a  rough  idea  of  the 
fauna  associated  with  the  fish  upou  certain  grounds,  with  the  carefully 
elaborated  results  worked  out  at  leisure  by  many  specialists  iu  their 
laboratories,  of  a  haul  of  the  ChaHenger^s  trawl.  Of  Dr.  Murray's  own 
trawlings  in  the  west  of  Scotland,  I  can  not,  of  course,  speak  so  jiosi- 
tively;  but  I  shall  be  surprised  to  learn  that  the  results  of  each  haul 
were  as  carefully  preserved  and  as  fully  worked  out  by  sx)ecialists  as 
were  the  Challenger  collections. 

Lastly,  on  the  next  Liverpool  marine  biology  committee\s  di*edging 
expedition  in  the  Irish  Sea  after  the  appearance  of  Dr.  Murray's  vol- 
umes, I  set  myself  to  determine  the  species  taken  in  a  haul  of  the  trawl 
for  comparison  with  the  Challenger  numbers.  The  haul  was  taken  ou 
June  23,  at  7  miles  west  from  Peel,  on  the  north  bank,  bottom  sand  and 
shells,  depth  21  fathoms,  with  a  tt-awl  of  only  4-foot  beam,  less  than 
half  the  size  of  the  Challenger  one,  and  it  was  not  down  for  more  than 
twenty  minutes.  I  noted  down  the  species  observed,  and  I  filled  two 
bottles  with  undetermined  stuff*,  which  my  assistant,  Mr.  Andrew  Scott, 
and  I  examined  the  following  day  in  the  laboratory.  Our  list  comes  to 
at  least  112  species,  belonging  to  at  least  103  genera.^  I  counted  120 
duplicate  specimens,  which,  added  to  112,  gives  232  individuals,  but 
there  may  well  have  been  100  more.  This  experience,  then,  is  very  dif 
ferent  from  Murray's,  and  gives  far  larger  numbers  in  every  respect — 
specimens,  species,  and  genera — than  even  the  Challenger  deep-water 
haul  quoted.  I  append  my  list  of  species,^  and  pntcticed  marine  zoolo- 
gists will,  I  think,  see  at  a  glance  that  it  is  nothing  out  of  the  way; 
that  it  is  a  fairly  ordinary  assemblage  of  not  uncommon  animals,  snch 
as  is  frequently  met  with  when  dredging  in  the  Coralline  zone.    I  am 


1  It  is  iuterestiDg,  in  connection  with  Darwin'8  opinion  that  an  animal's  most  for 
luiclable  competitors  iu  the  struggle  for  existence  are  those  of  its  own  kind  or  closely 
allied  forms,  to  notice  the  largo  prox)ortion  of  genera  to  species  in  such  hanls.  I 
have  noticed  this  in  many  list8,  and  it  certainly  suggests  that  closely  related  foruw 
an^  comparatively  rarely  taken  together. 

«  Sec  Appendix,  page  454. 
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sure  that  I  have  taken  better  iietfuls  than  this  both  in  the  Irish  Sen  and 
on  the  west  of  Scotland. 

In  order  to  get  another  case  on  different  ground,  not  of  my  own  choos- 
ing, on  the  first  occasion  after  the  publication  of  Dr.  Murray's  volumes, 
when  1  was  out  witnessing  the  trawling  observations  of  the  Lancashire 
sea  fisheries  steamer  John  Fell,  I  counted,  with  the  help  of  my  assist- 
ant, Mr.  Andrew  Scott,  and  the  men  on  board,  the  results  of  the  first 
hiuil  of  the  shrimp  trawl.  It  was  taken  at  the  mouth  of  the  Mersey 
estuary,  inside  the  Liverpool  Bar,  on  what  the  naturalist  would  consider 
very  unfavorable  ground,  with  a  bottom  of  muddy  sand,  at  a  depth  of 
C  fathoms.  The  shrimp  trawl  (li-inch  mesh)  was  down  for  one  hour, 
and  it  brought  up  over  17,000  specimens,  referable  to  at  least  39  spe- 
cies,' belonging  to  34  genera.  These  numbers  have  been  exceeded  on 
many  other  hauls  taken  in  the  ordinary  course  of  work  by  the  fisheries 
steamer  in  Liverpool  Bay — for  example,  on  this  occasion  the  fish  num- 
bered 5,943;  and  I  have  records  of  hauls  on  which  the  fish  numbered 
over  20,000,  and  the  total  catch  of  individual  animals  must  have  been 
nearly  50,000.  Can  any  of  Dr.  Murray's  hauls  on  the  deep  mud  beat 
these  figures? 

The  conclusion,  then,  at  which  I  arrive  in  regard  to  the  distribution 
of  animals  in  deep  water  and  in  water  shallower  than  50  fathoms,  from 
my  own  experience  and  an  examination  of  the  Challenger  results,  is  in 
some  respects  the  reverse  of  Murray's.  I  consider  that  there  are  more 
species  and  more  individuals  in  the  shallower  waters,  that  the  deep 
mud  as  dredged  has  a  poor  fauna,  that  the  Coralline  zone  has  a  much 
richer  one,  and  that  the  Laminarian  zone,  where  there  is  vegetable  as 
well  as  animal  food,  has  probably  the  richest  of  all. 

In  order  to  come  to  as  correct  a  conclusion  as  i)ossibIe  on  the  matter, 
I  have  consulted  several  other  naturalists  in  regard  to  the  smalkn* 
groups  of  more  or  less  free  swimming  Crustacea,  such  as  ('opepoda  and 
Ostracoda,  which  I  thought  might  possibly  be  in  considerable  numbers 
over  the  mud.  I  have  asked  three  well-known  specialists  on  such 
Cretaceans,  viz,  Prof.  G.  S.  Brady,  F.  R.  S,  Mr.  Thomas  Scott,  F.  L.  S., 
and  Mr.  I.  C.  Thompson,  F.  L.  S.,  and  they  all  agree  in  stating  that, 
although  interesting  and  peculiar,  the  Copepoda  and  Ostracoda  from 


•  Solea  vulgaris 
Phuronecies  platessa 
limanda 
Gadtis  marrhua 
(rglefinua 
merlanyns 
Clupea  sprat  ta 

harengns 
Trackinus  ri2}era 
Jgonu8  caiaphraclus 
Gobius  minuU(8 
Rata  clarata 
maculata 


Mytilus  edulia 
Tellina  tenuis 
Mactra  stultorum 
Fuaus  antiquus 
Carcinus  manas 
PortunuBf  sp. 
Eupagurus  hernhardus 
Crangon  vulgaris 
Sacculinay  sp. 
Some  Aniphipoda 
Lovffijtedia  coronata 
JCctinofioma  spinipes 
SunaristcH  paguri 


DactylopnH  ron trains 
Cletodes  limicola 
Caligus,  sp. 
Flustra  foliacea 
Aphrodite  aciihdta 
Pectinaria  hilgica 
NerdHj  sp. 
Asierias  rubcns 
Hydraclinia  evhinata 
Sertularia  ahivtina 
Hydrallvuinia  fahata 
Aurelia  aitritn 
Cyancca^  ap. 
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the  deep  mud  are  not  abundant  either  in  species  or  in  individuals*  In 
answer  to  the  question  which  of  the  three  regions  (1)  tlie  Littoral 
zone,  (2)  from  low  water  to  20  fathoms,  and  (3)  from  20  fathoms  onwanl, 
is  richest  in  small,  free-swimming,  but  bottom-haunting,  Crustacea,  they 
all  replied  the  middle  region  from  0  to  20  fi\thoms,  which  is  the  Lanri 
narian  zone  and  the  upper  edge  of  the  Coralline.  Professor  Brady 
assures  me  that  nearly  every  other  kind  of  bottom  and  locality  is  bet- 
ter than  mud  for  obtaining  Ostracoda.  Mr.  T.  Scott  considers  that 
Ostracoda  are  most  abundant  in  shallow  water,  from  5  to  20  fathoms. 
He  tells  me  that  as  the  result  of  his  experience  in  I^och  Fyne,  where  a 
great  part  of  the  loch  is  deep,  the  richest  fauna  is  always  where  banks 
occur,  coming  up  to  about  20  fathoms,  and  having  the  bottom  formed 
of  sand,  gravel,  and  shells.  The  fauna  on  and  over  such  banks,  which 
are  in  the  Coralline  zone,  is  much  richer  than  on  the  deeper  mnd 
around  them.  On  an  ordinary  shelving  shore  on  the  west  coast  of 
Scotland,  Mr.  Scott,  who  has  had  great  experience  in  collecting,  con- 
siders that  the  richest  fauna  is  usually  at  about  20  fathoms.  My  own 
experience  in  dredging  in  Norway  is  the  same.  In  the  center  of  the 
fjords  in  deep  water,  on  the  mud,  there  are  rare  forms,  but  very  few^  of 
them,  while  in  shallower  water  at  the  sides,  above  the  mud,  on  gravel, 
shells,  rock,  and  other  bottoms,  there  is  a  very  abundant  fauna. 

Probably  no  group  of  animals  in  the  sea  is  of  so  much  importance 
from  the  point  of  view  of  food  as  the  Copepoda.  They  iorni  a  great 
part  of  the  food  of  whales,  and  of  herrings  and  many  other  useful  fish, 
both  in  the  adult  and  in  the  larval  state,  as  well  as  of  innumerable 
other  animals,  large  and  small.  Consequently,  I  have  inquired  some 
what  carefully  into  their  distribution  in  the  sea,  with  the  assistance 
of  Professor  Brady,  Mr.  Scott,  and  Mr.  Thompson.  These  experienced 
collectors  all  agree  that  Copepoda  are  most  abundant,  both  as  to 
species  and  individuals,  close  round  the  shore,  amongst  seaweeds,  or 
in  shallow  water  in  the  Laminarian  zone  over  a  weedy  bottom.  Indi- 
viduals are  sometimes  extremely  abundant  on  the  surface  of  the  sea 
amongst  the  plankton,  or  in  shore  pools  near  high  water,  where, 
amongst  Enteromorphay  they  swarm  in  immense  profusion;  but  for  a 
gathering  rich  in  individuals,  species,  and  genera,  the  experiencetl 
collector  goes  to  the  shallow  waters  of  the  Laminarian  zone.  In  regard 
to  the  remaining,  higher  groups  of  the  Crustacea,  my  friend  Mr.  Alfred 
O.  Walker  tells  me  that  he  considers  them  most  abundant  at  depths  of 
from  0  to  20  fathoms. 

I  hope  no  one  will  think  that  these  are  detailed  matters  interesting 
only  to  the  collector,  and  having  no  particular  bearing  upon  the  gre;it 
problems  of  biology.  The  sea  is  admittedly  the  starting  point  of  life  on 
this  earth,  and  the  conclusions  we  come  to  as  to  the  distribution  of  life 
in  the  difierent  zones  must  form  and  modify  our  views  as  to  the  origin 
of  the  faunas — as  to  the  peopling  of  the  deep  sea,  the  shallow  waters, 
and  the  land.     Murray  supposes  that  life  started  in  Pre-Cambriau 
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times  ou  the  inud,  and  from  there  spread  upward  into  shallower  waters, 
outward  on  to  the  surface,  and,  a  good  deal  later,  downward  to  the 
abysses  by  means  of  the  cold  Polar  waters.  The  late  Professor  Moseley 
considered  the  pelagic,  or  surface  life  of  the  ocean,  to  be  the  primitive 
life  from  which  all  the  others  have  been  derived.  Prof.  W.  K.  Brooks 
(The  Genus  Saliva,  1893,  p.  156,  etc.)  considers  that  there  was  a  primitive 
pelagic  fauna,  consisting  of  the  simplest  microscopic  plants  and  animals, 
and  '^that  pelagic  life  was  abundant  for  a  long  period  during  which  the 
bottom  was  uninhabited." 

I,  on  the  other  hand,  for  the  reasons  given  fully  above,  consider  that 
the  Laminarian  zone  close  to  low-water  mark  is  at  present  the  richest 
in  life,  that  it  probably  has  been  so  in  the  past,  and  that  if  one  has  to 
express  a  more  definite  opinion  as  to  where,  in  Pre-Gambriau  times,  life 
in  its  simplest  forms  first  appeared,  I  see  no  reason  why  any  other  zone 
should  be  considered  as  having  a  better  claim  than  what  is  now  the 
Liuninarian  to  this  distinction.  It  is  there,  at  present,  at  any  rate,  in 
the  upper  edge  of  the  Laminarian  zone,  at  the  point  of  junction  of  sea, 
laud,  and  air,  where  there  is  a  profusion  of  food,  where  the  materials 
brought  down  by  streams  or  worn  away  from  the  land  are  first  depos- 
ited, where  the  animals  are  able  to  receive  the  greatest  amount  of  light 
and  heat,  oxygen  and  food,  without  being  exposed  periodically  to  the 
air,  rain,  frost,  sun,  and  other  adverse  conditions  of  the  liittoral  zone. 
It  is  there  that  life — it  seems  to  me — is  most  abundant,  growth  most 
active,  competition  most  severe.  It  is  there,  probably,  that  the  sur- 
roHnding  conditions  are  most  favorable  to  animal  life;  and,  therefore, 
it  seems  likely  that  it  is  from  this  region  that,  as  the  result  of  over- 
crowding, migrations  have  taken  place  downward  to  the  abysses,  out- 
ward on  the  surface,  and  upward  on  to  the  shore.  Finally,  it  is  in 
this  Laminarian  zone,  probably,  that  under  the  stress  of  competition 
between  individuals  and  between  allied  species  evolution  of  new  forms 
by  means  of  natural  selection  has  been  most  active.  Here,  at  any 
rate,  we  find,  along  with  some  of  the  most  primitive  of  animals,  some 
of  the  most  remarkably  modified  forms,  and  some  of  the  most  curious 
cases  of  minute  adaptation  to  environment.  This  brings  us  to  the 
subject  of 

BIONOMICS, 

which  deals  with  the  habits  and  variations  of  animals,  their  modifica- 
tions, and  the  relations  of  these  modificatiouB  to  the  surrounding 
conditions  of  existence. 

It  is  remarkable  that  the  great  imx)etus  given  by  Darwin's  work  to 
biological  investigation  has  been  chiefly  directed  to  problems  of  struc- 
ture and  development,  and  not  so  much  to  bionomics  until  lately. 
Variations  amongst  animals  in  a  state  of  nature  is,  however,  at  last 
beginning  to  receive  the  attention  it  deserves.  Bateson  has  collected 
together,  and  classified  in  a  most  useful  book  of  reference,  the  nnmer- 
OUS'Scattered  observations  on  variation  made  by  many  investigators. 
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and  has  drawn  from  some  of  these  cases  a  conclusion  in  regard  to  the 
discontinuity  of  variation  which  many  field  zoologists  find  it  hard  to 
accept. 

Weldon  and  Karl  Pearson  have  recently  applied  the  methods  of 
statistics  and  mathematics  to  the  study  of  individual  variation.  This 
method  of  investigation,  in  Professor  Weldon's  hands,  may  be  expected 
to  yield  results  of  great  interest  in  regard  to  the  influence  of  variatioBS 
in  the  young  animal  upon  the  chance  of  survival,  and  so  ui>on  the 
adult  characteristics  of  the  species.  But  while  acknowledging  the 
value  of  these  methods,  and  admiring  the  skill  and  care  with  which 
they  have  been  devised  and  applied,  I  must  emphatically  protest 
against  the  idea  which  has  been  suggested,  that  only  by  such  mathe- 
matical and  statistical  methods  of  study  can  we  successfully  determine 
the  influence  of  the  environment  on  species,  gauge  the  utility  of  S|>ecific 
characters,  and  throw  further  light  upon  the  origin  of  species.  For  my 
part,  I  believe  we  shall  gain  a  truer  insight  into  those  mysteries  whieh 
still  involve  variations  and  species  by  a  study  of  the  characteristio 
features  of  individuals,  varieties,  and  species  in  a  living  state  in  rela- 
tion to  their  environment  and  habits.  The  mode  of  work  of  the  oW 
field  naturalists,  supplemented  by  the  apparatus  and  methods  of  the 
modern  laboratory,  is,  I  believe,  not  only  one  of  the  most  fascinating, 
but  also  one  of  the  most  profitable  fields  of  investigation  for  the  philo- 
sophical zoologist.  Such  studies  must  be  made  in  that  modern  o«t 
come  of  the  growing  needs  of  our  science,  the  Zoological  StatioH, 
where  marine  animals  can  be  kept  in  captivity  under  natural  condi- 
tions, so  that  their  habits  may  be  closely  observed,  and  where  we  can 
foHow  out  the  old  precept — first,  observation  and  reflection;  then 
experiment. 

The  biological  stations  of  the  present  day  represent,  then,  a  happy 
union  of  the  field  work  of  the  older  naturalists  with  the  laboratory 
work  of  the  comparative  anatomist,  histologist,  and  embryok>gist 
They  are  the  culmination  of  the  "Aquarium"  studies  of  Kingsley  and 
Gosse,  and  of  the  feeling  in  both  scientific  men  and  amat^eurs,  which 
was  expressed  by  Herbert  Spencer  when  he  said:  "Whoever  at  the 
seaside  has  not  had  a  microscope  and  an  aquarium  has  yet  to  leani 
what  the  highest  pleasures  of  the  seaside  are."  Moreover,  I  feel  that 
the  biological  station  has  come  to  the  rescue,  at  a  critical  moment,  of 
our  laboratory  worker  who,  without  its  healthy,  refreshing  influence,  is 
often  in  these  hitter  days  in  peril  of  losing  his  intellectual  life  in  the 
weary  maze  of  microtome  methods  and  transcendental  cytidogy.  The 
old  Greek  myth  of  the  Libyan  giant,  Antjeus,  who  wrestletl  with  Her- 
cules and  regained  his  strength  each  time  he  touched  his  mother  earth, 
is  true  at  least  of  the  zoologist.  I  am  sure  he  derives  fresh  vigor  from 
every  direct  contact  with  living  nature. 

In  our  tanks  and  artificial  pools  we  can  reproduce  the  Littoral  and  the 
Laminarian  zones;  we  can  see  the  methods  of  feeding  and  breuliug — 
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the  two  most  powerful  factors  in  iiifluenciiig  an  animal.  We  can  study 
mimicry,  and  test  theories  of  protective  and  warning  coloration. 

The  explanations  given  by  these  theories  of  the  varied  forms  and 
colors  of  animals  were  first  applied  by  such  leaders  in  our  science  as 
Bates,  Wallace,  and  Darwin,  chiefly  to  insects  and  birds,  but  have 
lately  been  extended,  by  the  investigations  of  Giard,  Garstang,  Olubb, 
and  others,  to  the  case  of  marine  animals.  I  may  mention  very  briefly 
OBe  or  two  examples.  Amongst  the  Nudibranchiate  Mollusca — familiar 
animals  around  most  parts  of  our  British  coasts — we  meet  with  various 
forms  which  are  edible,  and,  so  far  as  we  know,  unprotected  by  any 
defensive  or  ofifensive  apparatus.  Such  forms  are  usually  shaped  or 
colored  so  as  to  resemble  more  or  less  their  surroundings,  and  so 
become  inconspicuouH  in  their  natural  haunts.  Dendronotus  arhores- 
censj  one  of  the  largest  and  most  handsome  of  our  British  ^udi- 
branchs,  is  such  a  case.  .  The  large,  branched  processes  on  its  back, 
and  its  rich  purple-brown  and  yellow  markings,  tone  in  so  well  with 
the  masses  of  brown  and  yellow  zoophytes  and  purplish  red  seaweeds, 
amongst  which  we  nsaally  find  DendronotuSj  that  it  becomes  very  com. 
pletely  protected  from  observation;  and,  as  I  know  from  my  own  expe- 
rience, the  practiced  eye  of  the  naturalist  may  fail  to  detect  it  lying 
before  him  in  the  tangled  forests  of  a  shore  pool. 

Other  Nudibranchs,  however,  belonging  to  the  genus  EoliSj  for  exam- 
ple, are  colored  in  such  a  brilliant  and  seemingly  crude  manner  that 
they  do  not  tone  in  with  any  natural  surroundings,  and  so  are  always 
conspicuous.  They  are  active  in  their  habits,  and  seem  rather  to  court 
observation  than  to  shun  it.  When  we  remember  that  such  species  of 
Eolis  are  protected  by  the  numerous  stinging  cells  in  the  cnidophorous 
sacs  placed  on  the  tips  of  all  the  dorsal  processes,  and  that  they  do 
not  seem  to  be  eaten  by  other  animals,  we  have  at  once  an  explanation 
of  their  fearless  habits  and  of  their  conspicuous  appearance.  The 
brilliant  colors  are  in  this  case  of  a  warning  nature,  for  the  purpose  of 
rendering  the  animal  provided  with  the  stinging  cells  noticeable  and 
recognizable.  But  it  must  be  remembered  that  in  a  museum  jar,  or  in 
a  laboratory  dish,  or  as  an  illustration  in  a  book  or  on  the  wall,  Den- 
dronotuH  is  quite  as  conspicuous  and  striking  an  animal  as  Eolis,  In 
order  to  interpret  correctly  the  effect  of  their  forms  and  colors  we 
mnst  see  them  alive  and  at  home,  and  we  must  experiment  upon  their 
edibility  or  otherwise  in  the  tanks  of  our  biological  stations.^ 

Let  me  give  you  one  more  example  of  a  somewhat  different  kind. 
The  soft,  unprotected  moUusk,  Lamellaria  perspicua,  is  not  uncommonly 
found  associated  (as  Giard  first  pointed  out)  with  colonies  of  the 
compound  Ascidian  Leptoclinum  maculatunij  and  in  these  cases  the 
Lamellaria  is  found  to  be  eating  the  Leptoclinum,  and  lies  in  a  slight 
cavity  which  it  has  excavated  in  the  Ascidian  colony,  so  as  to  be  about 

^See  my  experiments  on  fishes  with  Nndibrnnchs,  in  Trans.  Biol.  Soc,  Liverpool, 
Vol.  IV,  p.  150;  and  Natnre  for  June  26,  1890. 
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flush  with  the  general  surface.  The  integument  of  the  niollusk  is,  hoth 
in  general  tint,  and  also  in  surface  markings,  very  like  the  Ascidian 
colony  witji  its  scattered  ascidiozooids.  This  is  clearly  a  good  case  of 
protective  coloring.  Presumably,  the  Lamellaria  escapes  the  observa- 
tion of  its  enemies  through  being  mistaken  for  a  part  of  the  Leptoclinum 
colony  5  and  th^  Ijeptoclinum  being  crowded  like  a  sponge  with  minute, 
sharp-pointed  spicules  is,  I  suppose,  avoided  as  inedible  by  carnivorous 
animals,  which  might  devour  such  things  as  the  soft,  unprotected  niol- 
lusk. But  the  presence  of  the  spicules  evidently  does  not  protect  the 
Leptoclinum  from  Lamellaria^  so  that  we  have,  if  the  above  iut^rpreta 
tion  is  correct,  the  curious  result  that  the  Lamellarm  profits  by  a 
protective  characteristic  of  the  Leptoclinum^  for  which  it  has  itself  no 
respect,  or,  to  put  it  another  way,  the  Leptoclinum  is  protected  against 
enemies  to  some  extent  for  the  benefit  of  the  Jjamellariay  which  preys 
upon  its  vitals. 

It  is  to  my  mind  no  suflBcient  objection  to  theories  of  protective  and 
warning  coloration  that  careful  investigation  may  from  time  to  time 
reveal  cases  where  a  disguise  is  penetrated,  a  protection  frustrated,  an 
offensive  device  supposed  to  confer  inedibility  apparently  ignored. 
We  must  bear  in  mind  that  the  enemies,  as  well  as  their  prey,  are 
exposed  to  competition,  are  subject  to  natural  selection,  are  undergoing 
evolution;  that  the  pursuers  and  the  pursued,  the  eaters  and  the  eaten, 
have  been  evolved  together,  and  that  it  may  be  of  great  advantage  to 
be  protected  from  ftome  even  if  not  from  all  enemies.  Just  as  on  laad, 
some  animals  can  browse  upon  thistles  whose  "nemo  me  impune 
lacessit"  spines  are  supposed  to  confer  immunity  from  attack,  so  it  is 
quite  in  accord  with  our  ideas  of  evolution  by  means  of  natural  selec- 
tion to  suppose  that  some  marine  animals  have  evolved  an  indifference 
to  the  noxious  sponge  or  to  the  bristling  Ascidian,  which  are  able,  by 
their  defensive  characteristics,  like  the  thistle,  to  repel  the  majority  of 
invaders. 

Although  we  can  keep  and  study  the  Littoral  and  Laminarian  animals 
at  ease  in  our  zoological  stations,  it  may  perhaps  be  questioned  how 
far  we  can  reproduce  in  our  experimental  and  observational  tanks 
the  conditions  of  the  Coralline  and  the  Deep-mud  zones.  One  might 
suppose  that  the  pressure — which  we  have  no  means  as  yet  for  supply- 
ing*— and  which  at  30  fathoms  amounts  to  nearly  100  ))Ounds  on  the 
square  inch,  and  at  80  fathoms  to  about  240  pounds,  or  over  2  hundred- 
weight on  the  square  inch,  would  be  an  essential  factor  in  the  life  con- 
ditions of  the  inhabitants  of  such  depths,  and  yet  we  have  kept  half  a 
dozen  specimens  of  Calocaris  ma^candrewy  dredged  from  70  to  80  fath- 
oms, alive  at  the  Port  Erin  Biological  Station  for  several  weeks;  we 


*  Following  up  M.  Reguard's  experiments,  some  menlianical  arrangement  whereby 
water  could  be  kept  circulating  and  aerated  under  pressure  in  closed  tanks  might  l« 
devised,  and  ought  to  be  tried  at  some  zoological  station.  I  learn  from  the  dirt'ctor 
at  the  Plymouth  Station  that  some  of  the  animals  from  deep  water,  such  as  Polyzoa, 
do  not  expand  in  their  tanks. 


OCEANOGRAPHY,  BIONOMICS,  AND   AQUICULTLRE.  449 

have  had  both  the  red  and  the  yellow  forms  of  Sarcodictyon  catenata^ 
dredged  from  30  to  40  fathoms,  in  a  healthy  condition  with  the  polypes 
freely  expanded  for  an  indefinite  period;  and  Mr.  Arnold  Watson  has 
kept  the  Polynoid  worm,  Panthalis  oerstediy  from  the  deep  mud  at  over 
50  fathoms,  alive,  healthy,  and  building  its  tube  under  observation, 
first  for  a  week  at  the  Port  Erin  Station,  antl  for  many  months  at  Shef- 
field, in  a  comparatively  small  tank  with  no  depth  of  water.  Conse- 
quently, it  seems  clear  that  with  ordinary  care  almost  any  marine 
animals  from  such  depths  as  are  found  within  the  British  area  may  be 
kept  under  observation  and  submitted  to  experiment  in  healthy  and 
fairly  natural  conditions.  The  biological  station,  with  its  tanks,  is  in 
fact  an  arrangement  whereby  we  bring  a  portion  of  the  sea  with  its  rocks 
and  bottom  deposits  and  seaweeds,  with  its  inhabitants  and  their  asso- 
ciates, their  food  and  their  enemies,  and  place  it  for  continuous  study 
on  our  laboratory  table.  It  enables  us  to  carry  on  the  bionomical 
investigations  to  which  we  look  for  information  as  to  the  methods  and 
progress  of  evolution;  in  it  lie  centered  our  hopes  of  a  comparative 
physiology  of  the  invertebrates — a  physiology  not  wholly  medical — 
and  finally  to  the  biological  station  we  confidently  look  for  help  in 
connection  with  our  coast  fisheries.  This  brings  me  to  the  last  subject 
which  I  shall  touch  upon,  a  subject  closely  related  both  to  oceanography 
and  bionomics,  and  one  which  depends  much  for  its  future  advance 
ux>on  our  biological  stations — that  is  the  subject  of 

AQUICULTUEE, 

or  industrial  ichthyology,  the  scientific  treatment  of  fishery  investiga- 
tions, a  subject  to  which  Professor  Mcintosh  has  first  in  this  country 
directed  the  attention  of  zoologists,  and  in  which  he  has  been  guiding 
us  for  the  last  decade  by  his  admirable  researches.  What  chemistry 
is  to  the  aniline,  the  alkali,  and  some  other  manufactures,  marine 
zoology  is  to  our  fishing  industries. 

Although  zoology  has  never  appealed  to  popular  estimation  as  a 
directly  useful  science  having  industrial  ax)plicatious  in  the  same  way 
that  chemistry  and  physics  have  done,  and  consequently  has  never  had 
its  claims  as  a  subject  of  technical  education  sufficiently  recognized; 
still,  as  we  in  this  section  are  well  aware,  our  subject  has  many  tech- 
nical applications  to  the  arts  and  industries.  Biological  principles 
dominate  medicine  and  surgery.  Bacteriology,  brewing,  and  many 
allied  subjects  are  based  upon  the  study  of  microscopic  organisms. 
Economic  entomology  is  making  is  value  felt  in  agriculture.  Along  all 
these  and  other  lines  there  is  a  great  future  opening  up  before  biology,  a 
future  of  extended  usefulness,  of  popular  appreciation,  and  of  value  to 
the  nation — and  not  the  least  important  of  these  technical  applications 
will,  I  am  convinced,  be  that  of  zoology  to  our  fishing  industries. 
When  we  consider  their  enormous  annual  value — about  eight  millions 
sterling  at  first  hand  to  the  fisherman,  and  a  great  deal  more  than  that 
SM  95 29 
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by  tlie  time  the  products  reach  the  British  public,  when  we  remember 
the  very  large  proportion  of  our  population  who  make  their  living, 
directly  or  indirectly  (as  boat  builders,  net  makers,  etc.),  from  the  fish- 
eries, and  the  still  larger  proportion  who  depend  for  an  important  ele- 
ment in  their  food  supply  upon  these  industries^  when  we  think  of 
what  we  pay  other  countries — France,  Holland,  Norway — for  oysters, 
mussels,  lobsters,  etc.,  which  we  could  rear  in  this  country  if  our  sea 
shores  and  our  sea  bottom  were  properly  cultivated;  and  when  we 
remember  that  fishery  cultivation  or  aquiculture  is  applied  zoology,  we 
can  readily  realize  the  enormous  value  to  the  nation  which  this  direct 
application  of  our  science  will  one  day  have — perhaps  I  ought  rather  to 
say,  we  can  scarcely  realize  the  extent  to  which  zoology  may  be  made 
the  guiding  science  of  a  great  national  industry. 

The  flourishing  shellfisli  industries  of  France,  the  oyster  culture  at 
Arcachon  and  Marennes,  and  the  mussel  culture  by  bouchots  in  the 
Bay  of  Aiguillon,  show  what  can  be  done  as  the  result  of  encourage- 
ment and  wise  assistance  from  Government,  with  constant  industry  on 
the  part  of  the  people,  directed  by  scientific  knowledge.  In  another 
direction  the  successful  hatching  of  large  numbers  (hundreds  of  millions) 
of  cod  and  plaice  by  Captain  Dannevig  in  Norway,  and  by  the  Scottish 
fishery  board  at  Dunbar,  opens  up  possibilities  of  immense  practical 
value  in  the  way  of  restocking  our  exhausted  bays  and  fishing  banks, 
depleted  by  the  overtrawling  of  the  last  few  decades. 

The  demand  for  the  produce  of  our  seas  is  very  great,  and  would 
probably  pay  well  for  an  increased  supply.  Our  choicer  fish  and  shell- 
fish are  becoming  rarer  and  the  market  prices  are  rising.  The  great 
majority  of  our  oysters  are  imported  from  France,  Holland,  and  America. 
Even  in  mussels  we  are  far  from  being  able  to  meet  the  demand.  Id 
Scotland  alone  the  long-line  fishermen  use  nearly  a  hundred  millions 
of  mussels  to  bait  their  hooks  every  time  the  lines  are  set,  and  they 
have  to  import  annually  many  tons  of  these  mussels  at  a  cost  of  from 
£3  to  £3  10s.  a  ton. 

Whether  the  wholesale  introduction  of  the  French  method  of  mussel 
culture,  by  means  of  bouchots,  on  to  our  shores  would  be  a  financial 
success  is  doubtful.  Material  and  labor  are  dearer  here,  and  beds, 
scars,  or  scalps  seem,  on  the  whole,  better  fitted  to  our  local  conditions; 
but  as  innumerable  youug  mussels  all  around  our  coast  perish  miser- 
ably every  year  for  want  of  suitable  objects  to  attach  to,  there  can  be 
no  reasonable  doubt  that  the  judicious  erection  of  simple  stakes  or 
plain  bouchots  would  serve  a  useful  purpose,  at  any  rate  in  the  collec- 
tion of  seed,  even  if  the  further  rearing  be  carried  on  by  means  of  the 
bed  system. 

All  such  aquicultural  processes  require,  however,  in  addition  to  the 
scientific  knowledge,  sufficient  capital.  They  can  not  be  successfully 
carried  out  on  a  small  scale.  When  the  zoologist  has  once  shown,  as  a 
laboratory  experiment  in  the  zoological  station,  that  a  particular  thing 
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can  be  done— that  tliis  fish  can  be  hatched  or  that  shellfish  reared — 
under  certaiu  conditions  which  promise  to  be  an  industrial  success, 
then  the  matter  should  be  carried  out  by  the  Government  *  or  by  capi- 
talists ou  a  sufficiently  large  scale  to  remove  the  risk  of  results  being 
vitiated  by  temjiorary  accident  or  locjil  variation  in  the  (;ouditions.  It 
is  contrary,  however,  to  our  English  traditions  for  Government  to  help 
in  such  a  matter,  and  if  our  local  sea  fisheries  committees  have  not  the 
necessary  powers  nor  the  available  funds,  there  remains  a  splendid 
opportunity  for  opulent  landowners  to  erect  sea-fish  hatcheries  on  the 
shores  of  their  estates,  and  for  the  rich  merchants  of  our  great  cities 
to  establish  aquiculture  in  their  neighboring  estuaries,  and  by  so  doing 
instruct  the  fishing  ]iopulation,  resuscitate  the  declining  industries, 
and  cultivate  the  barren  shores — in  all  reasonable  probability  to  their 
own  ultimate  profit. 

In  addition  to  the  farming  of  our  shores,  there  is  a  great  deal  to  be 
done  in  promoting  the  fishing  industries  on  the  inshore  and  oflfshove 
grounds  along  our  coast,  and  in  connection  with  such  work  the  first 
necessity  is  a  thorough  scientific  exploration  of  our  British  seas  by 
means  of  a  completely  fitted  dredging  and  trawling  expedition.  Such 
exploration  can  only  be  done  in  little  bits,  spasmodically,  by  private 
enterprise.  From  the  time  of  Edward  Forbes  it  has  been  the  delight 
of  British  marine  zoologists  to  explore,  by  means  of  dredging  from 
yachts  or  hired  vessels  during  their  holidays,  whatever  areas  of  the 
neighboring  seas  were  open  to  them.  Some  of  the  greatest  names  in 
the  roll  of  our  zoologists,  and  some  of  the  most  creditable  work  in 
British  zoology,  will  always  be  associated  with  dredging  expeditions. 
Forbes,  Wyville  Thomson,  Carpenter,  Gwyn  Jeffreys,  Mcintosh,  and 
Norman— one  can  scarcely  think  of  them  without  recalling — 

"  Hurrah  for  the  dredge,  with  its  irou  edge, 
And  its  mystical  triangle, 
And  its  hided  net,  with  meshes  set, 
Odd  fishes  to  entangle! ''  - 

Much  good  pioneer  work  in  exploration  has  been  done  in  the  past  by 
these  and  other  naturalists,  and  much  is  now  being  done  locally  by 
committees  or  associations — by  the  Dublin  Royal  Society  on  the  west 
of  Ireland,  by  the  Marine  Biological  Association  at  Plymouth,  by  the 
Fishery  Board  in  Scotland,  and  by  the  Liverpool  Marine  Biology  Com- 
mittee in  the  Irish  Sea;  but  few  zoologists  or  zoological  committees 
have  the  means,  the  opportunity,  the  time  to  devote,  along  with  their 
professional  duties,  to  that  detailed,  systematic  survey  of  our  whole 
British  sea  area  which  is  really  required.    Those  who  have  not  had 


'We  require  in  England  a  central  board  or  Government  department  of  fisheries, 
composed,  in  part  of  scientific  experts,  and  that  not  merely  for  the  purpose  of  impoe* 
ing  and  enforcing  regulations,  but  still  more,  in  order  that  research  into  fisheries 
problems  may  be  instituted  and  aquicultural  experiments  carried  out. 

'The  Dredging  Song.    (See  ''  Memoir  of  Edward  Forbes/'  p.  247.) 
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experience  of  it  can  scarcely  realize  how  mucb  time,  energy,  and  money 
it  requires  to  keep  up  a  series  of  dredging  expeditions,  bow  mauy 
delays,  disappointments,  expensive  accidents,  and  real  hardships  there 
are,  and  how  often  the  naturalist  is  tempt-ed  to  leave  anx)rotitable 
grounds,  which  ought  to  he  carefully  worked  over,  for  some  more 
favored  spot  where  he  knows  he  can  count  upon  good  spoil.  And  yet 
it  is  very  necessary  that  the  whole  ground — good  or  bad  though  it  may 
be  from  the  zoological  point  of  view — should  be  thoroughly  surveyed, 
physically  and  biologically,  in  order  that  we  may  know  the  conditions 
of  existence  which  environ  our  fishes  on  their  feeding  grounds,  their 
spawning  grounds,  their  '^nurseries,"  or  whatever  they  may  be. 

The  British  Government  has  done  a  noble  piece  of  work,  which  will 
redound  to  its  everlasting  credit,  in  providing  for  and  carrying  out  the 
Challenger  expedition.  Now  that  that  great  enterprise  is  completed, 
and  that  the  whole  scientific  world  is  united  in  appreciation  of  the 
results  obtained,  it  would  be  a  glorious  consequence,  and  surely  a  very 
wise  action  in  the  interests  of  the  national  fisheries,  for  the  Government 
to  fit  out  an  expedition,  in  charge  of  two  or  three  zoologists  and  fisheriei> 
experts,  to  spend  a  couple  of  years  in  exploring  more  systematically 
than  has  yet  been  done,  or  can  otherwise  be  done,  our  British  coasts 
from  the  Laminarian  zone  down  to  the  deep  mud.  No  one  could  bo 
better  fitted  to  organize  and  direct  such  an  expedition  than  Dr.  John 
Murray. 

Such  a  detailed  survey  of  the  bottom  and  the  surface  waters,  of  their 
conditions  and  their  contents,  at  all  times  of  the  year  for  a  couple  of 
years,  would  give  us  the  kind  of  information  we  require  for  the  solutioD 
of  some  of  the  more  difficult  fishery  problems — such  as  the  extent  and 
causes  of  the  wanderings  of  our  fishes,  which  ^'  nurseries  "  are  supplied 
by  particular  spawning  grounds,  the  reason  of  the  sudden  disappear 
auce  of  a  fish,  such  as  the  haddock,  from  a  locality,  and  in  general  the 
history  of  our  food  fishes  throughout  the  year.  It  is  creditable  to  our 
Government  to  have  done  the  pioneer  work  in  exploring  the  great  ocean, 
but  surely  it  would  be  at  least  equally  creditable  to  them — and  perhaps 
more  directly  and  immediately  profitable,  if  they  look  for  some  such 
return  ftom  scientific  work — to  explore  our  own  seas  and  our  own  sea 
fisheries. 

There  is  still  another  subject  connected  with  the  fisheries  which  the 
biologist  can  do  much  to  elucidate — I  mean  the  diseases  of  edible  ani- 
mals and  the  effect  upon  man  of  the  various  diseased  conditions.  It  is 
well  known  that  the  consumption  of  mussels  taken  from  stagnant  or 
impure  water  is  sometimes  followed  by  severe  symptoms  of  irritant 
poisoning  which  may  result  in  rapid  death.  This  '^musselling"  is  due 
to  the  presence  of  an  organic  alkaloid  or  ptomaine,  in  the  liver  of  the 
mollusk,  formed  doubtless  by  a  microorganism  in  the  impure  water. 
It  is  clearly  of  the  greatest  importance  to  determine  accurately  under 
what  conditions  the  mussel  can  become  infected  by  the  microorganism. 
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in  what  stage  it  is  injurious  to  man,  and  whether,  as  is  supposed,  steep- 
ing in  pure  water  with  or  without  the  addition  of  carbonate  of  soda 
will  render  poisonous  mussels  fit  for  food. 

During  this  last  year  there  has  been  an  outcry,  almost  amounting  to 
a  scare,  and  seriously  affecting  the  market,^  as  to  the  supposed  connec- 
tion between  oysters  taken  from  contaminated  water  and  typhoid  fever. 
This,  like  the  musselling,  is  clearly  a  (^ase  for  scientific  investigation, 
and,  with  my  colleague.  Professor  Boyce,  I  have  commenced  a  series 
of  experiments  and  observations,  partly  at  the  Port  Erin  Biological 
Station,  where  we  have  oysters  laid  down  on  different  parts  of  the 
shore  under  very  different  conditions,  as  well  as  in  dishes  and  tanks, 
and  partly  at  University  College,  Liverpool. 

Our  object  is  to  determine  the  effect  of  various  conditions  of  water 
and  bottom  upon  the  life  and  health  of  the  oyster,  the  effect  of  the 
addition  of  various  impurities  to  the  water,  the  conditions  under  which 
the  oyster  becomes  infected  with  the  typhoid  bacillus,  and  the  result- 
ing effect  upon  the  oyster,  the  period  during  which  the  oyster  remains 
infectious,  and,  lastly,  whether  any  simple  practicable  measures  can  be 
taken  (1)  to  determine  whether  an  oyster  is  infected  with  typhoid,  and 
(2)  to  render  such  an  oyster  innocuous  to  man.  As  Professor  Boyce 
and  I  propose  to  lay  a  paper  upon  this  subject  before  the  section,  I 
shall  not  occupy  further  time  now  by  a  statement  of  our  methods  and 
results. 

1  have  probably  already  sufficiently  indicated  to  you  the  extent  and 
importance  of  the  applications  of  our  science  to  practical  questions  con- 
nected with  our  fishing  industries.  But  if  the  zoologist  has  great 
opportunities  for  usefulness,  he  ought  always  to  bear  in  mind  that  he 
has  also  grave  responsibilities  in  connection  with  fisheries  investiga- 
tions. Much  depends  upon  the  results  of  his  work.  Private  enter- 
prise, public  opinion,  local  regulations,  and  even  imperial  legislation, 
may  all  be  affected  by  his  decisions.  He  ought  not  lightly  to  come  to 
conclusions  upon  weighty  matters.  I  am  convinced  that  of  all  the 
varied  lines  of  research  in  modern  zoology,  none  contains  problems 
more  interesting  and  intricate  than  those  of  bionomics,  oceanography, 
and  the  fisheries,  and  of  these  three  series  the  problems  connected  with 
our  fisheries  are  certainly  not  the  least  interesting,  not  the  least  intri- 
cate, and  not  the  least  important  in  their  bearing  upon  the  welfare  of 
mankind. 


1 1  am  told  that  between  December  and  March  the  oyster  trade  decreased  75  per 
cent. 
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APPENDIX. 
List  of  species  taken  in  one  haul,  on  June  £S,  1895  (eeep,  442,) 


Sponges  : 

Renieray  sp. 
HalichondHa,  sp. 
Cliona  celata 
Suherites  domuncula 
Chalina  oculata 

COELENTEKATA : 

Dicoryne  conferia 
Halecium  halecinum 
Seriularia  abietina 
Coppinia  arcta 
Hydrallman  ia  faleata 
Campanularia  vertioillaUi 
Lafoea  dumosa 
Antennularia  ramosa 
Alcyonium  digitatum 
Virgularia  mirabilUi 
Sareodictyon  catenaia 
Sagartiaj  sp. 
Adameia  palliata 

ECHINODERMATA : 

Cucumariaf  sp. 

ThyonefuBUB 

ABterias  ruhens 

Solaeier  papposuB 

Stichastei'  roseuB 

Porania  pulvillus 

Fa  Imipea  p  lacen  (a 

Ophiocoma  nigra 

Ophiothrix  fragilis 

Amphiura  chiajii 

Ophioglypha  ciliata 

albida 

EchinuB  sphcera 

SpaianguB  putpureus 

JCchinocardium  cordatum 

BHsBopBXB  lyrifera  ' 

EchinocyamuB  puBilluB        i 

i 
Vermes: 

Nemertes  neeeii 


Vermes— Continued. 

ChwtopieruB,  sp. 
SpirorhiB,  sp. 
Serpula,  sp. 
SaheUa,  sp. 
Owenia  fi  liformiB 
Aphrodite  aeuleata 
PolynoCf  sp. 

Crustacea  : 

Scalpellum  rulgare 
BalanuBj  sp. 
Cyolopicera  nigripes 
AconiiophoruB  eJongatuB 
ArtotroguB  magnicepB 
DyspontiuB  BtriaiuB 
ZauB  goodeiri 
Laophonte  thoracica 
Stenhelia  reflexa 
Liohomolgus  forficula 
Anonyx,  sp. 
Galathea  intermedia 
Mwnida  hamffica  * 
Crangon  BpinoBus 
StenorhynchuB  roBtrdtuB 
InachuB  doraettensiB 
HyaB  coarctatuB 
Xantho  iuberoulatuB 
PortunuB  puBilluB 
EupaguruB  hernhardus 
piideauxii 
cuaneneiB 
Eur y name  aspera 
Ebalia  tuberoBa 

POLYZOA : 

Pedioellina  cernua 

Tubuliporaj  sp. 

Crisia  cornuta 

Cellepora  pumicoeaf  and 
three  or  four  nn deter- 
mined species  of  Lep- 
ra! ids 


1  PoLYZOA— Continued. 

!      FluBtra  securi/roHB 
i      Scrupooellaria  reptans 

Cellul4gria  fiBtuloBa 
MOLLUSCA  : 

Anomia  ephippium 
Ostrea  edulis 
Peoten  maximue 

opercularis 

iigrinuB 

pusio 
MyHluB  modiolue 
Nuoula  nucleus 
Cardium  echinatum 
LisBocardium  norvegicum 
Cyvrina  islandica 
Solen  xyell  tddns 
Venus  gaUina 
Lyonsia  nortegica 
Sorobicularia  prismatiea 
Astarte  sulcata 
Modiolaria  marmorata 
Saxicava  rugosa 
Chiton,  sp. 
Dentalium  eniale 
Emargin  u  la  fissura 
Velutina  laevigata 
Turritella  terebra 
Natica  alderi 
Fusus  antiquus 
Aporrhais  pespelioani 
Oscanius  memhranaeeut 
DoriSf  sp. 
Eolis  coronata 
Tritonia  plebeia 

TUNICATA : 

Ascidiella  rirginea 
Slyelopsis  grossularia 
Eugyra  glutinana 
BotrylluB,  sp. 
B,,  sp. 


BOTANICAL  WORK  OF  THE  BRITISH  ASSOCIATION.^ 


By  W.  T.  Thisblton-Dyeb,  F.  R.  S. 


The  establishment  of  a  new  section  of  the  British  Association, 
devoted  to  botany,  can  not  but  be  regarded  by  the  botanists  of  this 
country  as  an  event  of  the  greatest  importance.  For  it  is  practically 
the  first  time  that  they  have  possessed  an  independent  organization  of 
their  own.  It  is  true  that  for  some  years  past  we  have  generally  been 
strong  enough  to  form  a  separate  department  of  the  old  Biological 
Section  D,  on  the  platform  of  which  so  many  of  us  in  the  past  have 
acted  in  some  capacity  or  other,  and  on  which,  indeed,  many  of  us  may 
be  said  to  have  made  our  first  appearance.  We  shall  not  start,  then, 
on  our  new  career  without  the  remembrance  of  filial  afiection  for  our 
parent,  and  the  earnest  hoi)e  that  our  work  may  be  worthy  of  its  great 
traditions. 

The  first  meeting  of  the  section,  or,  as  it  was  then  called,  committee, 
at  Oxford  was  held  in  1832.  And  though  there  has  been  from  time  to 
time  some  difference  in  the  grouping  of  the  several  biological  sciences, 
the  two  great  branches  of  biology  have  only  now  for  the  first  time 
formally  severed  the  partnership  into  which  they  entered  on  that  occa- 
sion. That  this  severance,  if  inevitable  from  force  of  circumstances, 
is  in  some  respects  a  matter  of  regret,  I  do  not  deny.  Specialization  is 
inseparable  from  scientific  progress;  but  it  will  defeat  its  own  end  in 
biology  if  the  specialist  does  not  constantly  keep  in  touch  with  those 
fundamental  principles  which  are  common  to  all  organic  nature.  We 
shall  have  to  take  care  that  we  do  not  drift  into  a  position  of  isolation. 
Section  D  undoubtedly  afforded  a  convenient  opportunity  for  discuss- 
ing many  questions  on  which  it  was  of  great  advantage  that  workers  in 
the  two  different  fields  should  compare  their  results  and  views.  But  I 
hope  that  by  means  of  occasional  couferences  we  shall  still,  in  some 
measure,  be  able  to  preserve  this  advantage. 


•Opening  acklress  by  W.  T.  Tbiselton-Dyer,  M.  A.,  F.  R.  S.,  C.  M.  G.,  C.  I.  E., 

director  of  the  Royal  Gardens,  at  1895  meeting  of  the  British  Association  at  Ipswich, 

printed  in  Report  of  the  British  Association,  1895,  and  in  Nature,  No.  1352,  vol.  52, 

September  26, 1895. 
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EETEOSPECT. 

I  confess  I  found  it  a  great  temptation  to  review,  however  imperfectly, 
tLe  history  and  fortunes  of  our  subject  while  it  belonged  to  Section  1). 
But  to  have  done  so  would  have  been  i)ractically  to  have  written  the 
history  of  botany  in  this  country  since  the  first  third  of  the  century. 
Yet  I  can  not  pass  over  some  few  striking  events. 

I  think  that  the  earliest  of  these  must  undoubtedly  be  regarded  as 
the  most  epoch  making.  I  mean  the  formal  publication  by  the  Linna^an 
Society,  in  1833,  of  the  first  description  of  "the  nucleus  of  the  cell/' by 
Robert  Brown.  (Misc.  Bot.  Works,  T,  512.)  It  seems  difficult  toreahze 
that  this  may  be  within  the  recollection  of  some  who  are  now  living 
amongst  us.  It  is,  however,  of  peculiar  interest  to  me  that  the  first 
person  who  actually  distinguished  this  all-important  body,  and  indi- 
cated it  in  a  figure,  was  Francis  Bauer,  tbirty  years  earlier,  in  1802. 
This  remarkable  man,  whose  skill  in  applying  the  resources  of  art  to 
the  illustration  of  plant  anatomy  has  never,  I  suppose,  been  surpassed, 
was  ''  resident  draftsman  for  fifty  years  to  the  Royal  Botanic  Garden  at 
Kew.''  And  it  was  at  Kew,  and  in  a  tropical  orchid,  Phaius  grandifo- 
Uu8j  no  doubt  grown  there,  that  the  discovery  was  made. 

It  was,  I  confess,  with  no  little  admiration  that,  on  refreshing  ray 
memory  by  a  reference  to  Bobert  Brown's  paper,  I  read  again  the  vivid 
account  which  he  gives  in  a  footnote  of  the  phenomena,  so  painfully 
tamiliar  to  many  of  us  who  have  been  teachers,  exhibited  in  the 
staminal  hair  of  Tradescantia.  Sir  Joseph  Hooker  (Proc.  Linn.  Soc, 
1887-88,  6o)  has  well  remarked  that  "the  supreme  importance  of  tbis 
observation,  -  -  -  leading  to  undreamt-of  conceptions  of  the 
fundamental  phenomena  of  organic  life,  is  acknowledged  by  all 
investigators." 

It  is  singular  that  so  profound  an  observer  as  Robert  Brown  should 
have  himself  missed  the  significance  of  what  he  saw.  The  world  had 
to  wait  for  the  discovery  of  protoplasm  by  Yon  Mohl  till  1846,  and  till 
1850  for  its  identification  with  the  sarcode  of  zoologists  by  Cohn,  who 
is  still,  I  am  happy  to  say,  living  and  at  work,  and  to  whom  last  3'ear 
the  Linna^an  Society  did  itself  the  honor  of  presenting  its  medal. 

The  Edinburgh  nieeting  of  the  association,  in  1834,  was  the  occasion 
of  the  announcement  of  another  memorable  discovery  of  Robert  Brown's. 
1  will  content  myself  with  quoting  Hofmeister's  (Higher  Cryptogamia, 
432)  account  of  it:  "Robert  Brown  was  the  discoverer  of  the  polyem- 
bryony  of  the  Coniferce,  In  a  later  treatise  he  pointed  out  the  origin  of 
the  pro-embryo  in  large  cells  of  the  endosperm,  to  which  he  gave  the 
name  of  corpuscula.''  The  period  of  the  forties,  just  half  a  century  ago, 
looks  in  the  retrospect  as  one  of  almost  dazzling  discovery.  To  say 
nothing  of  the  formal  appearance  of  protoplasm  on  the  scene,  the  foun- 
dations were  being  laid  in  all  directions  of  our  modern  botanical  mor- 
phology.   Yet  its  contemporaries  viewed  it  with  a  very  philosophical 
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calm.  Thwaites,  who  regarded  Carpenter  as  his  master,  de8(;ribed  at 
the  Oxford  meeting  in  1847  the  conjugation  of  the  Biatomacew,  and  "dis- 
tinctly indicated,"  as  Carpenter  (Memorial  Sketch,  140)  says,  "that 
conjugation  is  the  primitive  phase  of  sexual  reproduction."  Berkeley 
informed  me  that  the  announcement  fell  perfectly  flat.  A  year  or  two 
later  Suminski  came  to  London  with  his  splendid  discovery  (1848)  of 
the  archegonia  of  the  fern,  the  antheridia  having  been  first  seen  by 
Nageli  in  1844.  Carpenter  (loc.  cit.,  141)  gave  me,  many  years  after,  a 
curious  account  of  its  reception.  "At  the  council  of  the  Ray  Society, 
at  which,''  he  said,  "I  advocated  the  reproduction  of  Suminski's  book 
on  the  'Ferns,'  I  was  assured  that  the  close  resemblance  of  the  antbe- 
rozoids  to  spermatozoa  was  quite  sufficient  proof  that  they  could  have 
nothing  to  do  with  vegetable  reproduction.  I  do  not  think,"  he  added — 
and  the  complaint  is  pathetic — "  that  the  men  of  the  present  generation, 
who  have  been  brought  up  in  the  light,  quite  apprehend  (in  this  as  in 
other  matters)  the  utter  darkness  in  which  we  were  then  groping,  or 
fully  recognize  the  deserts  of  those  who  helped  them  to  what  they  now 
enjoy."    This  was  in  1875,  and  I  suppose  is  not  likely  to  be  less  true  now. 

The  Oxford  meeting  in  1860  was  the  scene  of  the  memorable  debate 
on  the  origin  of  species,  at  which  it  is  interesting  to  remember  that 
Henslow  presided.  On  that  occasion.  Section  D  reached  its  meridian. 
The  battle  was  Homeric,  However  little  to  the  taste  of  its  author,  the 
launching  of  his  great  theory  was,  at  any  rate,  dignified  with  a  not 
inconsiderable  explosion.  It  may  be  that  it  is  not  given  to  the  men  of 
our  day  to  ruffle  the  dull  level  of  public  placidity  with  disturbing  and 
far-reaching  ideas.  But  if  it  were,  I  doubt  whether  we  have,  or  need 
now,  the  fierce  energy  which  inspired  then  either  the  attack  or  the 
defense.  When  we  met  again  in  Oxford  last  year,  the  champion  of 
the  old  conflict  stood  in  the  place  of  honor,  acclaimed  of  all  men,  a 
beautiful  and  venerable  figure.  We  did  not  know  then  that  that  was 
to  be  his  farewell. 

The  battle  was  not  in  vain.  Six  years  afterwards,  at  Nottingham, 
Sir  Joseph  Hooker  delivered  his  classical  lecture  on  Insular  Floras.  It 
imi>licitly  accepted  the  new  doctrine,  and  applied  it  with  admirable 
eflect  to  a  field  which  had  long  waited  for  an  illuminating  principle. 
The  lecture  itself  has  since  remained  one  of  the  corner  stones  of  that 
rational  theory  of  the  geographical  distribution  of  plants  which  may, 
I  think,  be  claimed  fairly  as  of  purely  English  origin. 

HENSLOW. 

Addressing  you  as  I  do  at  Ipswich,  there  is  one  name  written  in  the 
annals  of  our  old  section  which  I  can  not  pass  over — that  of  Henslow. 
He  was  the  secretary  of  the  Biological  Section  at  its  first  meeting  in 
1832,  and  its  president  at  Bristol  in  183G.  I  suppose  there  are  few  men 
of  this  century  who  have  indirectly  more  influenced  the  current  of 
human  thought.    For  in  great  measure  I  think  it  will  not  be  contested 
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that  we  owe  Darwin  to  him.  As  Eomanes  has  told  us  (Memorial 
Notices,  13):  "His  letters  written  to  Professor  Henslow  daring  his 
voyage  round  the  world  overflow  with  feelings  of  affection,  veneration, 
and  obligation  to  his  accomplished  master  and  dearest  friend — feelings 
which  throughout  his  life  he  retained  with  no  diminished  intensity. 
As  he  used  himself  to  say,  before  he  knew  Professor  Henslow,  the  only 
objects  he  cared  for  were  foxes  and  partridges." 

I  do  not  wish  to  overstate  the  facts.  The  possession  of  "  the  col- 
lector's instinct,  strong  in  Darwin  from  his  childhood,  as  is  usually  tbe 
case  in  great  naturalists,"  to  use  Huxley's  (Proc.  R.  S.,  XLIV,  vi) 
words,  would  have  borne  its  usual  fruit  in  after  life,  in  some  shape  or 
other,  even  if  Darwin  had  not  fallen  into  Henslow's  hands.  But  then 
the  particular  train  of  events  which  culminated  in  the  great  work  of 
his  life  would  never  have  been  started.  It  appeared  to  me,  then,  that 
it  would  not  be  an  altogether  uninteresting  investigation  to  ascertain 
something  about  Henslow  himself.  The  result  has  been  to  provide  me 
with  several  texts,  which  I  think  it  iray  be  not  unprofitable  to  dwell 
upon  on  the  present  occasion. 

In  the  first  place,  what  was  the  secret  of  his  influence  over  Darwin! 
"My  dear  old  master  in  natural  history"  (Life,  IT,  317),  he  calls  him; 
and  to  have  stood  in  this  relation  to  Darwin*  is  no  small  matter. 
Again,  he  speaks  of  his  friendship  with  him  as  "  a  circumstance  which 
influenced  my  whole  career  more  than  any  other"  (1, 52).  The  singnlar 
beauty  of  Henslow's  character,  to  which  Darwin  himself  bore  noble 
testimony,  would  count  for  something,  but  it  would  not  in  itself  be  a 
sufficient  explanation.  Nor  was  it  that  intellectual  fascination  which 
often  binds  pupils  to  the  master's  feet;  for,  as  Darwin  tells  us,  "I  do 
not  suppose  that  anyone  would  say  that  he  possessed  much  original 
genius  "  (I,  52).  The  real  attraction  seems  to  me  to  be  found  in  Hens- 
low's  possession,  in  an  extraordinary  degree,  of  what  may  be  called  the 
natural  history  spirit.  This  resolves  itself  into  keen  observation  and  a 
lively  interest  in  the  facts  observed.  "  His  strongest  taste  was  to  draw 
conclusions  from  long-continued  minute  observations"  (I,  52).  The 
old  natural  history  method,  of  which  it  seems  to  me  that  Henslow  was 
so  striking  an  embodiment,  is  now,  and  I  think  unhappily,  almost  a 
thing  of  the  past.  The  modern  university  student  of  botany  puts  his 
elders  to  blush  by  his  minute  knowledge  of  some  small  point  in  vege- 
table histology.  But  he  can  tell  you  little  of  the  contents  of  a  country 
hedgerow,  and  if  you  put  an  unfamiliar  i)lant  in  his  hands  he  is  pretty 
much  at  a  loss  how  to  set  about  recognizing  its  affinities.  Disdaining 
the  field  of  nature  spread  at  his  feet  in  his  own  country,  he  either  seeks 
salvation  in  a  German  laboratory  or  hurries  off  to  the  tropics,  con- 
vinced that  he  will  at  once  immortalize  himself.  But  coelum  non  animnm 
mutat;  he  puts  into  "pickle"  the  same  objects  as  his  predecessors, 


'  Ah  I  shall  have  frequent  uccasioA  to  (|Uote  the  Life  and  Letters,  I  shall  insert  the 
references  in  the  text. 
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never  to  be  looked  at  again ;  or  perhaps  writes  a  paper  on  some  obvious 
phenomena  which  he  could  have  studied  with  less  fatigue  in  the  Palm 
House  at  Kew. 

The  secret  of  the  right  use  of  travel  is  the  possession  of  the  natural 
history  instinct,  and  to  those  who  contemplate  it  I  can  only  recommend 
a  careful  study  of  Darwin's  Naturalist's  Voyage.  Nothing  that  came 
in  his  way  seems  to  have  evaded  him  or  to  have  seemed  too  incon- 
siderable for  attention.  No  doubt  some  respectable  travelers  have 
lost  themselves  in  a  maze  of  observations  that  have  led  to  nothing. 
But  the  example  of  Darwin,  and  I  might  add  of  Wallace,  of  Huxley, 
and  of  Ivloseley,  show  that  that  result  is  the  fault  of  the  man  and  not 
of  the  method.  The  right  moment  comes  when  the  fruitful  opportunity 
arrives  to  him  who  can  seize  it.  The  first  strain  of  the  prelude  with 
which  the  "Origin"  commences  are  these  words:  "When  on  board 
H.  M.  S.  Beagle  as  naturalist,  I  was  much  struck  with  certain  facts  in 
the  distribution  of  the  organic  beings  inhabiting  South  America."  But 
this  sort  of  vein  is  not  struck  at  hazard  or  by  him  who  has  not  served 
a  tolerably  long  apprenticeship  to  the  work. 

When  one  reads  and  rereads  the  "  Voyage,"  it  is  simply  amazing  to 
see  how  much  could  be  achieved  with  a  previous  training  which  we 
now  should  think  ludicrously  inadequate.  Before  Henslow's  time  the 
state  of  the  natural  sciences  at  Cambridge  was  incredible.  In  fact, 
Leonard  Jenyns  (Memoir,  175),  his  biographer,  speaks  of  the  "utter 
disregard  paid  to  natural  history  in  the  university  previous  to  his 
taking  up  his  residence  there."  The  professor  of  botany  had  delivered 
no  lectures  for  thirty  years,  and  though  Sir  James  Smith,  the  founder 
of  the  Linnaeau  Society,  had  offered  his  services,  they  were  declined  on 
the  ground  of  his  being  a  Nonconformist  (ibid.,  37). 

As  to  Henslow's  own  scientific  work,  I  can  but  rely  on  the  judgment 
of  those  who  could  appreciate  it  in  relation  to  its  time.  According  to 
Berkeley  (ibid.,  56),  "he  was  certainly  one  of  the  first,  if  not  the  very 
first,  to  see  that  two  forms  of  fruit  might  exist  in  the  same  fungus." 
And  this,  as  we  now  know,  was  a  fundamental  advance  in  this  branch 
of  morphology.  Sir  Joseph  Hooker  tells  me  that  his  papers  were  all 
distinctly  in  advance  of  his  day.  Before  occupying  the  chair  of  botany, 
he  held  for  some  years  that  of  mineralogy.  Probably  he  owed  this  to 
his  paper  on  the  "  Isle  of  Anglesey,"  i>ubli8hed  when  he  was  only  26.  I 
learn  from  the  same  authority  that  tliis  to  some  extent  anticipated,  but 
at  any  rate  strongly  influenced,  Sedgwick's  subsequent  work  in  the 
same  region. 

BOTANICAL  TEACHINa. 

Henslow's  method  of  teaching  deserves  study.  Darwin  says  of  his 
lectures  "  that  he  liked  them  much  for  their  extreme  clearness."  "But," 
he  adds,  "I  did  not  study  botany"  (I,  48),  Yet  we  must  not  take  this 
too  seriously.  Darwin  (Voyage,  421),  when  at  the  Galapagos,  "indis- 
criminately collected  everything  in  flower  on  the  diiferent  islands,  and 


460  BOTANICAL   WORK   OF   THE   BRITISH   ASSOCIATION. 

fortunately  kept  my  collections  separate.''  Fortunately  indeed;  for  it 
was  the  results  extracted  from  these  collections,  when  worked  up  sub- 
sequently by  Sir  Joseph  Hooker,  which  determined  the  main  work  of 
his  life.  "It  was  such  cases  as  that  of  the  Galapagos  Archipelago 
which  chiefly  led  me  to  study  the  origin  of  species"  (IIT,  159). 

Henslow's  actual  method  of  teaching  went  some  way  to  anticipate 
the  practical  methods  of  which  we  are  all  so  proud.  "  He  was  the  first 
to  introduce  into  the  botanical  examination  for  degrees  in  London  the 
system  of  practical  examination"  (Memoir,  161).  But  there  was  a 
direct  simplicity  about  his  class  arrangements  characteristic  of  the  man. 
'*A  large  number  of  specimens  -  -  -  were  placed  in  baskets  on  a 
side  table  in  the  lecture  room,  with  a  number  of  wooden  plates  and  other 
requisites  for  dissecting  them  after  a  rough  fashion,  each  student  pro- 
viding himself  with  what  he  wanted  before  taking  his  seat"  (ibid.,  39). 
I  do  not  doubt  that  the  results  were,  in  their  way,  as  efficient  as  we 
obtain  now  in  more  stately  laboratories. 

The  most  interesting  feature  about  his  teaching  was  not,  however,  its 
academic  aspect,  but  the  use  he  made  of  botany  a«  a  general  educational 
instrument.  "  He  always  held  that  a  man  of  no  powers  of  observation 
was  quite  an  exception"  (ibid.,  163).  He  thought  (and  I  think  he  proved) 
that  botany  might  be  used  ^'for  strengthening  the  observant  faculties 
and  expanding  the  reasoning  powers  of  children  in  all  classes  of  society'^ 
(ibid.,  99).  The  difficulty  with  which  those  who  undertake  now  to  teach 
our  subject  have  to  deal  is  that  most  people  ask  the  question.  What  is 
the  use  of  learning  botany  unless  one  means  to  be  a  botanist !  It  might, 
indeed,  be  replied  that  as  the  vast  majority  of  people  never  learn  any- 
thing effectively,  they  might  as  well  try  botany  as  anything  else.  But 
Heuslow  looked  only  to  the  mental  discipline;  and  it  was  characteristic 
of  the  man  and  of  his  belief  in  his  methods  that  when  he  was  sum- 
moned to  court  to  lecture  to  the  royal  family,  his  lectures  "  were,  in  all 
respects,  identical  with  those  he  was  in  the  habit  of  giving  to  his  little 
Hitcham  scholars"  (Memoir,  149);  and  it  must  be  added  that  they 
were  not  less  successful. 

This  success  naturally  attracted  attention.  Botanical  teaching  in 
schools  was  taken  up  by  the  Government,  and  continues  to  receive 
support  to  the  present  day.  But  the  primitive  spirit  has,  I  am  afraid, 
evaporated.  The  measurement  of  results  by  means  of  examination 
has  been  fatal  to  its  survival.  The  teacher  has  to  keep  steadily  before 
his  eyes  the  necessity  of  earning  his  grant.  The  educational  problem 
retires  into  the  background.  "  The  strengthening  of  the  observant 
faculties,''  and  the  rest  of  the  Henslowian  programme,  must  give  way 
to  the  imperious  necessity  of  presenting  to  the  examiner  candidates 
equipped  with  at  least  the  minimum  of  text-book  formulas  reproducible 
on  pai)er.  I  do  not  speak  in  this  matter  without  painful  experience. 
The  most  astute  examiner  is  defeated  by  the  still  more  astute  crammer. 
The  objective  basis  of  the  study  on  which  its  whole  usefulness  is  built 
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up  is  promptly  thrown  aside.  If  you  supply  the  apple  blossom  for 
actual  description,  you  are  as  likely  as  not  to  be  furnished  with  a 
detailed  account  of  a  buttercup.  The  training  of  observation  has  gone 
by  the  board  and  the  exercise  of  mere  memory  has  taken  its  place. 
But  a  table  of  logarithms  or  a  Hebrew  grammar  would  serve  this  pur- 
pose equally  well.  Yet  I  do  not  despair  of  Henslow's  work  still  bear- 
ing fruit.  The  examination  system  will  collapse  from  the  sheer 
impossibility  of  carrying  it  on  beyond  a  certain  point.  Freed  from  its 
trammels,  the  teacher  will  have  greater  scope  for  individuality,  and  the 
result  of  his  labors  will  be  rewarded  after  some  intelligent  system  of 
inspection.  And  here  I  may  claim  support  from  an  unexi^ected  quar- 
ter. Mr.  Gladstone  has  recently  written  to  a  correspondent:  "I  think 
that  the  neglect  of  natural  history,  in  all  its  multitude  of  branches,  was 
the  grossest  defect  of  our  old  system  of  training  for  the  young;  and, 
further,  that  little  or  nothing  has  been  done  by  way  of  remedy  for  that 
defect  in  the  attempts  made  to  alter  or  reform  that  system."  I  am  sure 
that  the  importance  and  weight  of  this  testimony,  coming  as  it  does 
from  one  whose  training  and  sympathies  have  always  been  literary, 
can  not  be  denied.  That  there  is  already  some  revival  of  Henslow's 
methods,  I  judge  from  the  fact  that  I  have  received  applications  from 
board  schools,  amounting  to  some  hundreds,  for  surplus  specimens 
from  the  Kew  Museums.  Without  a  special  machinery  for  the  purpose 
I  can  not  do  much,  and  perhaps  it  is  well.  But  my  staff  have  willingly 
done  what  was  possible,  and  from  the  letters  I  have  received  I  gather 
that  the  labor  has  not  been  wholly  misspent. 

MUSEUM  ARRANGEMENT. 

This  leads  me  to  the  last  branch  of  Henslow's  scientific  work  on 
which  I  am  able  to  touch,  that  of  the  arrangement  of  museums, 
especially  those  which  being  local  have  little  meaning  unless  their  pur- 
pose is  strictly  educational.  I  think  it  is  now  generally  admitted  that 
both  in  the  larger  and  narrower  .aspects  of  the  question,  his  ideas, 
which  were  shared  in  some  measure  by  Edward  Forbes,  were  not 
merely  far  in  advance  of  his  time,  but  was  essentially  sound.  And 
here  I  can  not  help  remarking  that  the  zoologists  have  perhaps  profited 
more  by  his  teaching  than  the  botanists.  I  do  not  know  how  far  Sir 
William  Flower  and  Professor  Lankester  would  admit  the  influence  of 
Henslow's  ideas.  But  so  far  as  my  knowledge  goes,  I  am  not  aware 
that,  at  any  rate  in  Euroi)e,  there  is  anything  to  be  seen  in  public 
museums  comparable  to  the  educational  work  accomplished  by  the  one 
at  the  College  of  Surgeons  and  the  Natural  History  Museum,  and  by 
the  other  at  Oxford, 

I  have  often  thought  it  singular  that  in  botany  we  have  not  kept 
pace  in  this  matter  with  our  brother  naturalists.  I  do  not  doubt  that 
vegetable  morphology  and  a  vast  number  of  important  facts  in  evolu- 
tion, as  illustrated  from  the  vegetable  kingdom,  might  be  presented  to 
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the  eye  in  a  fascinating  way  in  a  carefully  arranged  umseum.  The 
most  successful  aud^  indeed,  almost  the  only  attempt  which  has  been 
made  in  this  direction  is  that  at  Cambridge,  which,  I  believe,  is  due  to 
Mr.  Gardiner.  But  our  technical  methods  for  preserving  specimens 
still  leave  much  to  desire.  Something  more  satisfactory  will,  it  may  be 
hoped,  some  day  be  devised,  and  the  whole  subject  is  one  which  is 
well  worth  the  careful  consideration  of  our  section.  Henslow  at  least 
effected  a  vast  improvement  in  the  mode  of  displaying  botanical  objects; 
and  a  collection  prepared  by  his  own  hands,  which  was  exhibited  at  one 
of  the  Paris  exhibitions,  excited  the  warm  a<lmiration  of  the  French 
botanists,  who  always  appreciate  the  clear  illustration  of  morpholog- 
ical facts. 

OLD   SCHOOL   OF  NATURAL  HISTORY. 

If  the  old  school  of  natural  history,  of  which  Henslow  in  his  day 
was  a  living  spirit,  is  at  present,  as  seems  to  be  the  case,  continually 
losing  its  hold  upon  us,  this  has  certainly  not  been  due  to  its  w^ant  of 
value  as  an  educational  discipline  or  to  its  sterility  in  contributing 
new  ideas  to  human  knowledge.  Darwin's  Origin  of  Species  may 
certainly  be  regarded  as  its  off*spring,  and  of  this  Huxley  (Proc.  K.  S., 
XLTY,  xvii,)  says  with  justice:  "It  is  doubtful  if  any  single  book 
except  the  Principia,  ever  worked  so  great  and  rapid  a  revolution  in 
science  or  made  so  deep  an  impression  on  the  general  mind."  Yet 
Darwin's  biographer,  in  that  admirable  Life  which  ranks  with  the 
few  really  great  biographies  in  our  language,  remarks  (I,  155):  "In 
reading  his  books,  one  is  reminded  of  the  older  naturalists  rather 
than  of  the  modern  school  of  writers.  He  was  a  naturalist  in  the  old 
sense  of  the  word,  that  is,  a  man  who  w^orks  at  many  branches  of  science, 
not  merely  a  specialist  in  one."  This  is  no  doubt  true,  but  does  not 
exactly  hit  off  the  distinction  between  the  kind  of  study  which  has 
gone  out  of  fashion  and  that  which  has  come  in.  The  older  workers 
in  biology  were  occupied  mainly  with  the  external  or,  at  any  rate, 
grosser  features  of  organisms  and  their  relation  to  surrounding  condi- 
tions; the  modern,  on  the  other  hand,  are  engaged  on  the  study  of 
internal  and  intimate  structure.  Work  in  the  laboratory,  with  its 
necessary  limitations,  takes  the  place  of  research  in  the  field.  One 
may  almost,  in  fact,  say  that  the  use  of  the  compound  microscope 
divides  the  two  classes.  Asa  Gray  has  compared  Robert  Brown  with 
Darwin  as  the  "two  British  naturalists"  who  have  "more  than  any 
others,  impressed  their  influence  upon  science  in  .the  nineteenth  cen- 
tury" (Nature,  X,  80).  Now,  it  is  noteworthy  that  Kobert  Brown  did 
all  his  work  with  a  simple  microscope.  And  Francis  Darwin  writes  of 
his  father:  "It  strikes  us  nowadays  as  extraordinary  that  he  should 
have  had  no  compound  microscope  when. he  went  his  Beagle  voyage; 
but  in  this  he  followed  the  advice  of  Robert  Brown,  who  was  an 
authority  on  such  matters"  (I,  14.1).  One  often  meets  with  persons, 
and  sometimes  of  no  small  eminence,  who  speak  as  if  there  were  some 
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necessary  antagonism  between  the  old  and  the  new  studies.  Thus  I 
have  heard  a  distinguished  systematist  describe  the  microscope  as  a 
curse,  and  a  no  less  distinguished  morphologist  speak  of  a  herbarium 
having  its  proper  place  on  a  bonfire.  To  me  I  confess  this  anathema- 
tization of  the  instruments  of  research  proper  to  any  branch  of  our 
subject  is  not  easily  intelligible.  Yet  in  the  case  of  Darwin  himself  it 
is  certain  that  if  his  earlier  work  may  be  said  to  rest  solely  on  the 
older  methods,  his  later  researches  take  their  place  with  the  work  of 
the  new  school.  At  our  last  meeting  Pfeflfer  vindicated  one  of  his 
latest  and  most  important  observations. 

The  case  of  Robert  Brown  is  even  more  striking.  He  is  equally  great 
whether  we  class  him  with  the  older  or  the  modern  school.  In  fact,  so 
far  as  botany  in  this  country  is  concerned,  he  may  be  regarded  as  the 
founder  of  the  latter.  It  is  to  him  that  we  owe  the  establishment  of 
the  structure  of  the  ovule  and  its  development  into  the  seed.  Even 
more  important  were  the  discoveries  to  which  I  have  already  referred, 
which  ultimately  led  to  the  establishment  of  the  group  of  Gymnosperms. 
"No  more  important  discovery,''  says  Sachs  (History,  142),  "was  ever 
made  in  the  domain  of  comparative  morphology  and  systematic  botany. 
The  first  steps  toward  this  result,  which  was  clearly  brought  out  by 
Hofmeister  twenty-five  years  later,  were  secured  by  Robert  Brown's 
researches,  and  he  was  incidentally  led  to  these  researches  by  some 
difficulties  in  the  construction  of  the  seed  of  an  Australian  genus." 
Yet  it  may  be  remembered  that  he  began  his  career  as  naturalist  to 
Flinders's  expedition  for  the  exploration  of  Australia.  He  returned  to 
England  with  4,000  "for  the  most  part  new  species  of  plants."  And 
tliese  have  formed  the  foundation  of  our  knowledge  of  the  flora  of  that 
continent.  Brown's  chief  work  was  done  between  1820  and  1840,  and, 
as  Sachs  (loc.  cit.,  139,  140)  tells  us,  "was  better  appreciated  during 
that  time  in  Germany  than  in  any  other  country," 

MODERN   SCHOOL. 

The  real  founder  of  the  modern  teaching  in  this  country  in  both 
branches  of  biology  I  can  not  doubt  was  Carpenter.  The  first  edition 
of  his  admirable  Principles  of  Comparative  Physiology  was  published 
in  1838,  the  last  in  1854.  All  who  owe,  as  I  do,  a  deep  debt  of  gratitude 
to  that  book  will  agree  with  Huxley  (Memorial  Sketch,  07)  in  regard- 
ing it  as  "by  far  the  best  general  survey  of  the  whole  field  of  life  and 
of  the  broad  principles  of  biology  which  had  been  produced  up  to  the 
time  of  its  publication.  Indeed,"  he  adds,  "  although  the  fourth  edition 
is  now  in  many  respects  out  of  date,  I  do  not  know  its  equal  for  breadth 
of  view,  sobriety  of  speculation,  and  accuracy  of  detail." 

The  charm  of  a  wide  and.i)hilosophic  survey  of  the  different  forms 
under  which  life  presents  itself  could  not  but  attract  the  attention  of 
teachers.  Kolleston  elaborated  a  course  of  instruction  in  zoology  at 
Oxford  in  which  the  structures  described  in  the  lecture  room  were 
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subsequently  worked  out  in  the  laboratory.  In  1872,  Huxley  organized 
the  memorable  course  in  elementary  biology  at  South  Kensington  which 
has  since,  in  its  essential  features,  been  adopted  throughout  the  coun- 
try. In  the  following  year,  during  Huxley's  absence  abroad  through 
ill  health,  I  arranged,  at  his  request,  a  course  of  instruction  on  the 
same  lines  for  the  vegetable  kingdom. 

That  the  development  of  the  new  teaching  was  inevitable  can  hardly 
be  doubted,  and  I  for  my  part  am  not  disposed  to  regret  the  share  I 
took  in  it.  But  it  was  not  obvious,  and  certainly  it  was  not  expected, 
that  it  would  to  so  large  an  extent  cut  the  ground  from  under  the  feet 
of  the  old  natural  history  studies.  The  consequences  are  rather 
serious,  and  I  think  it  is  worth  while  pointing  them  out. 

In  a  vast  empire  like  our  own,  there  is  a  good  deal  of  work  to  be  done 
and  a  good  many  posts  to  be  tilled,  for  which  the  old  natural  history 
training  was  not  merely  a  useful,  but  even  a  necessary  preparation.  But 
at  the  present  time  the  universities  almost  entirely  fail  to  supply  men 
snited  to  the  work.  They  neither  care  to  collect,  nor  have  they  the 
skilled  aptitude  for  observation.  Then,  though  this  country  is  possessed 
at  home  of  incomparable  stores  of  accumulated  material,  the  class  of 
competent  amateurs  who  were  mostly  trained  at  our  universities,  and 
who  did  such  good  service  in  working  that  material  out,  is  fast  disap- 
l)earing.  It  may  not  be  easy,  indeed,  in  the  future  to  fill  important 
posts  even  in  this  country  with  men  possessing  the  necessary  qualifi- 
cations. But  there  was  still  another  source  of  naturalists,  even  more 
useful,  which  has  practically  dried  up.  It  is  an  interesting  fact  that 
the  large  majority  of  men  of  the  last  generation  who  have  won  distinc- 
tion in  this  field  have  begun  their  career  with  the  study  of  medicine. 
That  the  kind  of  training  that  natural  history  studies  gives  is  of  advan- 
tage to  students  of  medicine  which,  rightly  regarded,  is  itself  a  natural 
history  study,  can  hardly  be  denied.  But  the  exigencies  of  the  medical 
curriculum  have  crowded  them  out;  and  this,  I  am  afraid,  must  he 
accepted  as  irremediable.  I  can  not  refrain  from  reading  you,  on  this 
point,  an  extract  from  a  letter  which  I  have  received  from  a  distin- 
guished official  lately  intrusted  with  an  important  foreign  mission.  I 
should  add  that  he  had  himself  been  trained  in  the  old  way. 

"I  have  had  my  time,  and  must  leave  to  younger  men  the  delight  of 
working  these  interesting  fields.  Such  chances  never  will  occur  again, 
for  roads  are  now  being  made  and  ways  cut  in  the  jungle  and  forest, 
and  you  have  at  hand  all  sorts  of  trees  level  on  the  ground  ready  for 
study.  These  bring  down  with  them  orchids,  ferns,  and  climbers  of 
many  kinds,  including  rattan  palms,  etc.  But  excellent  as  are  the 
officers  who  devote  their  energy  to  thus  opening  up  this  country,  there 
is  not  one  man  who  knows  a  palm  from  a  dragon  tree,  so  the  chance  is 
lost.  Strange  to  say,  the  medical  men  of  the  Government  service 
know  less  and  care  less  for  natural  history  than  the  military  men,  wbo 
at  least  regret  they  have  no  training  or  study  to  enable  them  to  take 
an  intelligent  interest  in  what  they  see  around  thorn.  A  doctor  nowa- 
days cares  for  no  living  thing  larger  or  more  complicated  than  a  bade- 
riuvi  or  a  hacillus,^^ 
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But  there  are  other  and  even  more  serious  grounds  why  the  present 
dominance  of  one  aspect  of  our  subject  is  a  matter  for  regret.  In  the 
conchiding  chapter  of  the  Origin,  Darwin  wrote:  *'I  look  with  con- 
fidence to  the  future — to  young  and  rising  naturalists."  But  I  observe 
that  most  of  the  new  writers  on  the  Darwinian  theory,  and,  oddly 
enough,  especially  when  they  have  been  trained  at  Cambridge,  gener- 
ally begin  by  more  or  less  rejecting  it  as  a  theory  of  the  origin  of 
species,  and  then  proceed  unhesitatingly  to  reconstruct  it.  The  attempt 
rarely  seems  to  me  successful,  perhaps  because  the  limits  of  the  labor- 
atory are  unfavorable  to  the  accumulation  of  the  class  of  observations 
which  are  suitable  for  the  purpose.  The  laboratory,  in  fact,  has  not 
contributed  much  to  the  Darwinian  theory,  except  the  Law  of  Eecapitu- 
lation,  and  that,  I  am  told,  is  going  out  of  fashion. 

The  Darwinian  theory,  being,  as  I  have  attempted  to  show,  the  out- 
come of  the  natural  history  method,  rested  at  every  point  on  a  copious 
basis  of  fact  and  observation.  This  more  modern  speculation  lacks. 
The  result  is  a  revival  of  transcendentalism.  Of  this  we  have  had  a 
copious  crop  in  this  country,  but  it  is  quite  put  in  the  shade  by  that 
with  which  we  have  been  supplied  from  America.  Perhaps  the  most 
remarkable  feature  is  the  persistent  vitality  of  Lamarckism.  As  Dar- 
win remarks :  ^^  Lamarck's  one  suggestion  as  to  the  cause  of  the  gradual 
modification  of  species — effort  excited  by  change  of  conditions — was, 
on  the  face  of  it,  inapplicable  to  the  whole  vegetable  world-'  (II,  189). 
And  if  we  fall  back  on  the  inherited  direct  effect  of  change  of  condi- 
tions, though  Darwin  admits  that  ^^ physical  conditions  have  a  more 
direct  effect  on  plants  than  on  animals"  (II,  319),  I  have  never  been 
able  to  convince  myself  that  that  effect  is  inherited.  I  will  give  one 
illustration.  The  difference  in  habit  of  even  the  same  species  of  plant 
when  grown  under  mountain  and  lowland  conditions  is  a  matter  of  gen- 
eral observation.  It  would  be  difficult  to  imagine  a  case  of  "acquired 
characters"  more  likely  to  be  inherited.  But  this  does  not  seem  to  be 
the  case.  The  recent  careful  research  of  Gaston  Bonnier  only  confirms 
the  experience  of  cultivators.  "  The  modifications  acquired  by  the  plant 
when  transported  for  a  definite  time  from  the  plains  to  the  Alps,  or  vice 
versa,  disappear  at  the  end  of  the  same  period  when  the  plant  is 
restored  to  its  original  conditions."    (Ann.  d.  Sc.  nat.,  7'*  s6r.  XX,  355.) 

Darwin,  in  an  eloquent  ph-ssage,  which  is  too  long  for  me  to  quote 
(Origin,  426),  has  shown  how  enormously  the  interest  of  natural  history 
is  enhanced  "when  we  regard  every  production  of  nature  as  one  which 
has  had  a  long  history,"  and  "  when  we  contemplate  every  complex 
structure  -  -  -  as  the  summing  up  of  many  contrivances."  But 
this  can  only  be  done,  or  at  any  rate  begun,  in  the  field,  and  not  in  the 
laboratory. 

A  more  serious  peril  is  the  dying  out  amongst  us  of  two  branches  of 
botanical  study  in  which  we  have  hitherto  occupied  a  position  of  no 
small  distinction.    Apart  from  the  staffs  of  our  official  institutions, 
SM95 30 
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there  seems  to  be  uo  one  who  either  takes  any  interest  in,  or  appreciates 
in  the  smallest  degree,  the  importance  of  systematic  and  descriptive 
botany.  And  geographical  distribution  is  almost  in  a  worse  plight, 
yet  Darwin  calls  it  <^  that  grand  subject,  that  almost  keystone  of  the 
laws  of  creation"  (I,  356). 

I  am  aware  that  it  is  far  easier  to  point  out  an  evil  than  to  remedy 
it.  The  teaching  of  botany  at  the  present  day  has  reached  a  pitch  of 
excellence  and  earnestness  which  it  has  never  reached  before.  That  it 
is  somewhat  onesided  can  not  probably  be  remedied  without  a  subdi- 
vision of  the  subject  and  an  increase  in  the  number  of  teachers.  If  it 
has  a  positive  fault,  it  is  that  it  is  sometimes  inclined  to  be  too  dog- 
matic and  deductive.  Like  Darwin,  at  any  rate  in  a  biological  matter, 
"I  never  feel  convinced  by  deduction,  even  in  the  case  of  H.  Spencer's 
writings"  (III,  168).  The  intellectual  indolence  of  the  student  inclines 
him  only  too  gladly  to  explain  phenomena  by  referring  them  to  "  isms,'^ 
instead  of  making  them  tell  their  own  story. 

ORaANIZATION  OF  SECTION. 

I  am  afraid  I  have  detained  you  t/OO  long  over  these  matters,  on 
which  I  must  admit  I  have  spoken  with  some  frankness.  But  I  take  it 
that  one  of  the  objects  of  our  section  is  to  deliver  our  rainds  of  any 
perilous  stuff  that  is  fermenting  in  it.  But  now,  having  taken  leave  of 
the  past,  let  us  turn  to  the  future. 

We  start  at  least  with  a  clean  slate.  We  can  not  bind  our  succes- 
sors, it  is  true,  at  other  meetings.  But  I  can  not  doubt  that  it  will  be 
in  our  power  to  materially  shape  our  future,  notwithstanding.  When 
we  were  only  a  department,  I  think  we  all  felt  the  advantage  of  these 
annu<al  meetings,  of  the  profitable  discussion,  formal  and  informal,  and 
of  the  privilege  of  meeting  so  many  of  our  foreign  brethren  who  have 
so  generously  supported  us  by  their  presence  and  sympathy. 

I  am  anxious,  then,  to  suggest  that  we  should  conduct  our  proceed- 
ings on  as  broad  lines  as  possible.  I  do  not  think  wo  should  be  too 
ready  to  encourage  papers  which  may  well  be  communicated  to  socie- 
ties, either  local  or  central. 

The  field  is  large;  the  laborers,  as  they  advance  in  life,  can  hardly 
expect  to  keep  pace  with  all  that  is  going  on  in  it.  We  must  look  to 
individual  members  of  our  number  to  help  us  by  informing  and  stimu- 
lating addresses  on  subjects  they  have  made  peculiarly  their  own,  or  on 
important  researches  on  which  they  have  been  specially  engaged. 

NOMENCLATURE. 

There  is  one  subject  upon  which,  from  my  official  position  elsewhere, 
I  desire  to  take  the  opportunity  of  saying  a  few  words.  It  is  that  of 
nomenclature.  It  is  not  on  its  technical  side,  I  am  afraid,  of  sufficient 
general  interest  to  justify  my  devoting  to  it  the  space  which  its  impor- 
tance would  otherwise  deserve.    But  I  hope  to  be  able  to  enlist  your 
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support  for  the  broad,  common-sense  principles  on  which  our  practice 
should  rest. 

As  I  suppose,  everyone  knows  we  owe  our  present  method  of  nomen- 
clature in  natural  history  to  Linnaeus.  He  devised  the  binominal,  or, 
as  it  is  often  absurdly  called,  the  binomial  system.  That  we  must  have 
a  technical  system  of  nomenclature,  I  suppose  no  one  here  will  dispute. 
It  is  not,  however,  always  admitted  by  popular  writers  who  have  not 
appreciated  the  difficulty  of  the  matter,  and  who  think  all  names  should 
be  in  the  vernacular.  There  is  the  obvious  difficulty  that  the  vast 
majority  of  plants  do  not  possess  any  names  at  all,  and  the  attempts  to 
manufacture  them  in  a  popular  shape  have  met  with  but  little  success. 
Then,  from  lack  of  discriminating  power  on  the  part  of  those  who  use 
them,  vernacular  names  are  often  ambiguous;  thus  Bullrush  is  applied 
equally  to  Typha  and  to  Scirpus,  plants  extremely  different.  Vernacular 
names,  again,  are  only  of  local  utility,  while  the  Linua^an  system  is 
intelligible  throughout  the  world. 

A  technical  name,  then,  for  a  plant  or  animal  is  a  necessity,  as  with- 
out it  we  can  not  fix  the  object  of  our  investigations  into  its  affinity, 
structure,  or  properties.  (Linn.  Phil.,  210.)  '^Nomina  si  nescis  perit 
et  cognitio  rerum." 

In  order  to  get  clear  ideas  on  the  matter,  let  us  look  at  the  logical 
principles  on  which  such  names  are  based.  It  is  fortunate  for  us  that 
these  are  stated  by  Mill,  who,  besides  being  an  authority  on  logic,  was 
also  an  accomplished  botanist.  He  tells  us  (System  of  Logic,  I,  132) : 
"A  naturalist,  for  purposes  connected  with  his  particular  science,  sees 
reason  to  distribute  the  animal  or  vegetable  creation  into  certain  groups 
rather  than  into  any  others,  and  he  requires  a  name  to  bind,  as  it  were, 
each  of  his  groups  together.''  He  further  explains  that  such  names, 
whether  of  species,  genera,  or  orders,  are  what  logicians  call  connota- 
tive;  they  denote  the  members  of  each  group  and  connote  the  distinc- 
tive characters  by  which  it  is  defined.  A  species,  then,  connotes  the 
common  characters  of  the  individuals  belongiug  to  it;  a  genus,  those  of 
the  species;  an  order,  those  of  the  genera. 

But  these  are  the  logical  principles  which  are  applicable  to  names 
generally.  A  name  such  as  Ranunculus  repens  does  not  differ  in  any 
particular  from  a  name  such  as  John  Smith,  except  that  one  denotes  a 
species,  the  other  an  individual. 

This  being  the  case,  and  technical  names  being  a  necessity,  they 
continually  pass  into  general  use  in  connection  with  horticulture,  com- 
merce, medicine,  and  the  arts.  It  seems  obvious  that  if  science  is  to 
keep  in  touch  with  human  affairs,  stability  in  nomenclature  is  a  thing 
not  merely  to  aim  at,  but  to  respect.  Changes  become  necessary,  but 
should  never  be  insisted  upon  without  grave  and  solid  reason.  In  some 
cases  they  are  inevitable  unless  the  taxonomic  side  of  botany  is  to  remain 
at  a  standstill.  From  time  to  time  the  revision  of  a  large  group  has  to 
be  undertaken  from  a  uniform  and  comparative  point  of  view.    It  then 
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often  occurs  that  new  genera  are  seen  to  have  been  too  hastily  founded 
on  insufficient  grounds,  and  must  therefore  be  merged  in  others.  This 
may  involve  the  creation  of  a  large  number  of  new  names,  the  old  ones 
becoming  henceforth  a  burden  to  literature  as  synonyms.  It  is  usual 
in  such  cases  to  retain  the  specific  portion  of  the  original  name,  if 
possible.  If  it  is,  however,  already  preoccupied  in  tlie  genus  to  which 
the  transference  is  made,  a  new  one  must  be  devised.  Many  modem 
systematists  have,  however,  set  up  the  doctrine  that  a  specific  epithet 
once  given  is  indelible,  and  whatever  the  taxonomic  wanderings  of  the 
organism  to  which  it  was  once  assigned,  it  must  always  accompany  it 
This,  however,  would  not  have  met  with  much  sympathy  from  Linnsens, 
who  attached  no  importance  to  the  specific  epithet  at  all:  ^^ISTomen  spe- 
cificum  sine  generico  est  quasi  pistillum  sine  campana."  (Phil.,  219.) 
Linnaeus  always  had  a  solid  reason  for  everything  he  did  or  said,  and 
it  is  worth  while  considering  in  this  case  what  it  was. 

Before  his  time  the  practice  of  associating  plants  in  genera  had 
made  some  progress  in  the  hands  of  Tournefort  and  others,  but  spe- 
cific names  were  still  cumbrous  and  practically  unusable.  Genera 
were  often  distinguished  by  a  single  word;  and  it  was  the  great  reform 
accomplished  by  Linuseus  to  adopt  the  binominal  principle  for  species. 
But  there  is  this  difierence:  Generic  names  are  unique,  and  must  not 
be  applied  to  more  than  one  distinct  group.  Specific  names  might 
have  been  constituted  on  the  same  basis;  the  specific  name  in  that 
case  would  then  have  never  been  used  to  designate  more  than  one 
plant,  and  would  have  been  sufficient  to  indicate  it.  We  should  have 
lost,  it  is  true,  the  useful  information  which  we  get  from  our  x)i*eseut 
practice  in  learning  the  genus  to  which  the  species  belongs;  but  theo- 
retically a  nomenclature  could  have  been  established  on  the  one-name 
principle.  The  thing,  however,  is  impossible  now,  even  if  it  were 
desirable.  A  si)ecific  epithet  like  vulgaris  may  belong  to  hundreds  of 
different  species  belonging  to  as  many  difi:erent  genera,  and  taken 
alone  is  meaningless.  A  Linn^an  name,  then,  though  it  consists  of 
two  parts,  must  be  treated  as  a  whole.  "Nomen  omne  plantamm 
constabit  nomine  generico  et  specifico."  (Phil.,  212.)  A  fragment  can 
have  no  vitality  of  its  own.  Consequently,  if  superseded,  it  may  be 
replaced  by  another  which  may  be  perfectly  independent.^ 

It  constantly  happens  that  the  same  species  is  named  and  described 
by  more  than  one  writer,  or  different  views  are  taken  of  specific  differ- 
ences by  various  writers;  the  species  of  one  are  therefore  "lumped'' 
by  another.     In  such  cases,  where  there  is  a  choice  of  names,  it  is 

'As  AlphoDNe  de  CandoUe  points  out  in  a  letter  published  in  the  Bull,  de  la  Sik. 
bot.  de  France  (XXXIX),  ''tbo  real  merit  of  Linna'us  has  been  to  combine,  for  ail 
plants^  the  generic  name  with  the  specific  epithet."  It  is  important  to  remember 
that  in  a  logical  sense  the  "name''  of  a  species  consists,  as  Linnreus  hiuiKelf  insisted, 
in  the  combination,  not  in  the  specific  epithet,  which  is  a  mere  fragment  of  the 
name  and  meaningless  when  taken  by  itself. 
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cnstomary  to  select  the  earliest  published.  I  agree,  however,  with  the 
late  Sereno  Watson  (Nature,  XL VII,  54),  that  "there  is  nothing  what- 
ever of  an  ethical  character  inherent  in  a  name,  through  any  priority  of 
publication  or  position,  which  should  render  it  morally  obligatory  upon 
anyone  to  accept  one  name  rather  than  another."  And,  in  point  of  fact, 
Linnaeus  and  the  early  systematists  attached  little  importance  to  pri- 
ority. The  rigid  application  of  the  principle  involves  the  assumption 
that  all  persons  who  describe,  or  attempt  to  describe,  plants  are  equally 
competent  to  the  task.  But  this  is  so  far  from  being  the  case  that  it  is 
sometimes  all  but  imi)ossible  even  to  guess  what  could  possibly  have 
been  meant.^ 

In  1872,  Sir  Joseph  Hooker  (Flora  of  British  India,  I,  vii)  wrote: 
"The  nnmber  of  species  described  by  authors  who  can  not  determine 
their  affinities  increases  annually,  and  I  regard  the  naturalist  who  puts 
a  described  plant  into  its  proper  position  in  regard  to  its  allies  as  ren- 
dering a  greater  service  to  science  than  its  describer  when  he  either 
puts  it  into  a  wrong  place  or  throws  it  into  any  of  those  chaotic  heaps, 
miscalled  genera,  with  which  systematic  works  still  abound,"  This  has 
always  seemed  to  me  not  merely  sound  sense,  but  a  scientific  way  of 
treating  the  matter.  What  we  want  in  nomenclature  is  the  maximum 
amount  of  stability  and  the  minimum  amount  of  change  compatible 
with  progress  in  perfecting  our  taxouomic  syatem.  Nomenclature 
is  a  means,  not  an  end.  There  are,  perhaps,  160,000  species  of  flower- 
ing plants  in  existence.  What  we  want  to  do  is  to  push  on  the  task 
of  getting  them  named  and  described  in  an  intelligible  manner,  and 
their  affinities  determined  as  correctly  as  possible.  We  shall  then 
have  material  for  dealing  with  the  larger  x)roblems  which  the  vege- 
tation of  our  globe  will  present  when  treated  as  a  whole.  To  me  the 
botanists  who  waste  their  time  over  priority  are  like  boys  who,  when 
sent  on  an  errand,  spend  their  time  in  playing  by  the  roadside.  By 
such  men  even  Linnaeus  is  not  to  be  allowed  to  decide  his  own 
names.  To  one  of  the  most  splendid  ornaments  of  our  gardens  he 
gave  the  name  Magnolia  grandiflora;  this  is  now  to  be  known  as 
Magnolia  fcetida.  The  reformer  himself  is  constrained  to  admit  '  the 
change  is  a  most  unfortunate  one  in  every  way.'  (Garden  and  For- 
est, II,  615.)  It  is  difficult  to  see  what  is  gained  by  making  it,  except 
to  render  systematic  botany  ridiculous.  The  genus  Aspidiumy  known 
to  every  fern  cultivator,  was  founded  by  Swartz.  It  now  contains 
some  400  species,  of  which  the  vast  majority  were,  of  course,  unknown 
to  him  at  the  time;  yet  the  names  of  all  these  are  to  be  changed 
because  Adamson  founded  a  genus,  DryopteriSj  which  seems  to  be 


'Darwin,  who  always  seenm  to  me,  almost  instinctively,  to  take  the  right  view 
in  matters  relating  to  natural  history,  is  (Life,  Vol.  I,  p.  364)  dead  ngaiust  the  new 
"practice  of  naturalists  appending  for  perpetuity  the  name  of  the  Jirsi  describer  to 
species.''  He  is  equally  against  the  priority  craze:  '^  I  can  not  yet  bring  myself  to 
reject  very  welUknaton  names''  (ibid.,  p.  369). 
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tlie  same  thing  as  Asjndium,  What,  it  may  be  asked,  is  gained  by  the 
change?  To  science  it  is  certainly  nothing.  On  the  other  hand  we 
lamber  our  books  with  a  mass  of  synonyms,  and  perplex  everyone  who 
takes  an  interest  in  ferns.  It  appears  that  the  name  of  the  well- 
known  Australian  genus  Banksia  really  belongs  to  Pimelea;  the  species 
are  therefore  to  be  renamed,  and  Banlcsm  is  to  be  rechiistened  Sirmuel 
leva,  after  Sir  Ferdinand  von  Mueller,  a  proposal  which,  I  need  hardly 
say,  did  not  emanate  from  an  Englishman. 

I  will  not  multiply  instances.  But  the  worst  of  it  is  that  those  who 
have  carefully  studied  the  subject  know  that  from  various  causes,  which 
I  can  not  afford  the  time  to  discuss,  when  once  it  is  attempteil  to  dis- 
turb accepted  nomenclature,  it  is  almost  impossible  to  reach  finality. 
Many  genera  only  exist  by  virtue  of  their  redefinition  in  modern  times; 
in  the  form  in  which  they  were  originally  promulgated  they  have  hardly 
any  intelligible  meaning  at  all. 

It  can  hardly  be  doubted  that  one  cause  of  the  want  of  attention 
which  systematic  botany  now  receives  is  the  repulsive  labor  of  the 
bibliographical  work  with  which  it  has  been  overlaid.  What  an  enor- 
mous bulk  nomenclature  has  already  attained  may  be  judged  from  the 
Index  Kewensis,  which  was  prepared  at  Kew,  and  which  we  owe  to 
the  munificence  of  Mr.  Darwin.  In  his  own  studies  he  constantly  caine 
on  the  track  of  names  which  he  was  unable  to  run  down  to  their 
source.  This  the  Index  enables  to  be  done.  It  is  based,  in  fact^  ou 
a  manuscript  index  which  we  compiled  for  our  own  use  at  Kew.  But 
it  is  a  mistake  to  suppose  that  it  is  anything  more  than  the  name  sig- 
nifies, or  that  it  expresses  any  opinion  as  to  the  validity  of  the  names 
themselves.  That  those  who  use  the  book  must  judge  of  for  them- 
selves. We  have  indexed  existing  names,  but  we  have  not  added  to 
the  burden  by  making  any  new  ones  for  species  already  described. 

What  synonymy  has  now  come  to  may  be  judged  by  an  example 
supplied  me  by  my  friend  Mr.  0.  B.  Clarke.  For  a  single  species  of 
FimhristyliH  he  finds  135  published  names  under  six  genera.  If  we  go 
on  in  this  way  we  shall  have  to  invent  a  new  Linnaeus,  wipe  out  the 
past,  and  begin  all  over  again. 

Although  I  have  brought  the  matter  before  the  section,  it  is  not  one 
in  which  this,  or  indeed  any,  collective  assemby  of  botanists  can  do 
very  much.  While  I  hope  I  shall  carry  your  assent  with  the  general 
principles  I  have  laid  down,  it  must  be  admitted  that  the  technical 
details  can  only  be  appreciated  by  experienced  specialists.  All  that 
can  be  hoped  is  a  general  agreement  among  the  staffs  of  the  principal 
institutions  in  difl'erent  countries  where  systematic  botany  is  workeil 
at;  the  free  lances  must  be  left  to  do  as  they  like. 

PUBLICATIONS. 

I  have  dwelt  at  such  length  on  certain  aspects  of  my  subject  that 
perhaps,  without  great  injustice,  you  may  retort  on  me  the  complaint  of 
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onesidediiei^s.  But  when  I  survey  the  larger  field  of  botany  in  this 
country,  the  prospect  seems  to  ine  so  vast  that  I  should  despair  even  if 
I  had  luy  whole  address  at  my  disposal  of  doing  it  justice.  I  think 
that  its  extent  is  measured  by  the  way  in  which  the  publications 
belonging  to  our  subject  are  maintained.  First  of  all,  we  have  access 
to  the  Koyal  Society,  a  privilege  of  which  I  hope  we  shall  always  con- 
tinue to  take  advantage  for  communications  which  either  treat  of  fun- 
damental subjects,  or  at  least  are  of  general  interest  to  biologists.  Kext 
to  this  we  have  our  ancient  Linniean  Society,  with  a  branch  of  its  pub- 
lications handsomely  and  efficiently  devoted  to  systematic  work.  Then 
we  have  the  Annals  of  Botany,  which  has  now,  I  think,  established  its 
position,  and  which  brings  together  the  chief  morphological  and  physi- 
ological work  at'complished  in  the  country.  Lastly,  we  have  the  Jour- 
nal of  Botany,  a  less  ambitious,  but  useful  periodical,  which  is  mainly 
devoted  to  the  labors  of  English  botanists.  I  remember  there  was  a 
time  when  I  thought  that  this,  at  any  rate,  was  an  exhausted  field. 
But  it  is  not  so;  knowledge  in  its  most  limited  aspects  is  inexhaustible 
if  the  laborer  have  the  necessary  insight.  The  discoveries  of  Mr. 
Arthur  Bennett  among  the  potamogetons  of  the  eastern  counties  is  a 
striking  and  brilliant  instance. 

Besides  the  publication  of  the  Annals,  we  owe  to  the  Oxford  Press  a 
splendid  series  of  the  best  foreign  text-books  issued  in  our  own  lan- 
guage. If  the  thought  has  vsometimes  occurred  to  one's  mind  that  we 
were  borrowers  too  freely  from  our  indefatigable  neighbors,  I  at  least 
remember  that  the  late  Professor  Eichler  paid  us  the  compliment  of 
saying  that  he  preferred  to  read  one  of  these  monumental  books  in 
the  English  translation  rather  than  in  the  original.  I  believe  it  is  no 
secret  that  botany  owes  the  aid  that  Oxford  has  rendered  it  in  these 
and  other  matters  in  great  measure  to  my  old  friend  the  master  of 
Pembroke  College,  than  whom  I  believe  science  has  no  more  devoted 
supporter. 

PALEOBOTANY. 

I  have  said  much  of  recent  botany;  I  must  not  pass  over  that  of  past 
ages.  Two  notable  workers  in  this  field  have  passed  away  since  our 
last  meeting.  Saporta  was  with  us  at  Manchester,  and  we  shall  not 
readily  forget  his  personal  charm.  If  some  of  his  work  has  about  it  a 
too  imaginative  character,  the  patience  and  entire  sincerity  with  which 
he  traced  the  origin  of  the  existing  forms  of  vegetation  in  southern 
Europe  to  their  ancestors  in  the  not  distant  geological  past  will  always 
deserve  attentive  study.  But  in  the  venerable,  yet  always  useful, 
Williamson  we  lose  a  figure  whose  memory  we  shall  long  preserve. 
With  rare  instinct  he  accumulated  a  wealth  of  material  illustrative  of 
the  vegetation  of  the  Carboniferous  epoch,  which,  I  suppose,  is  unique 
in  the  world.  And  this  was  prepared  for  examination  with  incompar- 
able patience  either  by  his  own  hands  or  under  his  own  eyes.  He 
illustrated  it  with  absolute  fidelity.    And  if  he  did  not  in  describing  it 
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always  use  language  with  which  we  could  agree,  nothing  could  ruffle 
either  his  imperturbable  good  nature  or  the  noble  simplicity  of  his 
character.  Truth  to  tell,  we  were  often  in  friendly  warfare  with  him. 
But  I  rejoice  to  think  that  before  his  peaceful  end  came  he  had  patiently 
T*econsidered  and  abandoned  all  that  we  regarded  as  his  heresies,  but 
which  were  in  truth  only  the  old  manner  of  looking  at  things.  And 
I  think  that  if  anything  could  have  contributed  to  make  his  departure 
happy,  it  was  the  conviction  that  the  completion  of  his  work  and  his 
scientiflc  reputation  would  remain  perfectly  secure  in  the  hands  of  Dr. 
Scott. 

VEGETABLE   PHYSIOLOGY. 

Turning  again  to  the  present,  the  difficulty  is  to  limit  the  choice  of 
topics  on  which  I  would  willingly  dwell.  In  an  address  which  I  deliv- 
ered at  the  Bath  meeting  in  1888, 1  ventured  to  point  out  the  impor- 
tant i)art  which  the  action  of  enzymes  would  be  found  to  play  in  plant 
metabolism.  My  expectations  have  been  more  than  realized  by  the 
admirable  work  of  Professor  Green  on  the  one  hand,  and  of  Mr.  Horace 
Brown  on  the  other.  The  wildest  imagination  could  not  have  foreseen 
the  developments  which  in  the  hands  of  animal  physiologists  would 
spring  from  the  study  of  the  fermentative  changes  produced  by  yeast 
and  bacteria.  These,  it  seems  to  me,  bid  fair  to  revolutionize  our  whole 
conceptions  of  disease.  The  reciprocal  action  of  ferments,  developed 
in  so  admirable  a  manner  by  Marshall  Ward  in  the  case  of  the  ginger- 
beer  plant,  is  destined,  I  am  convinced,  to  an  expansion  scarcely  less 
important. 

But,  perhaps,  the  most  noteworthy  feature  in  recent  work  is  the  dis- 
position to  reopen  in  every  direction  fundamental  questions.  And 
here,  I  think,  we  may  take  a  useful  lesson  from  the  practice  of  the 
older  sections,  and  adopt  the  plan  of  intrusting  the  investigation  of 
special  problems  to  small  committees,  or  to  individuals  who  are  willing 
to  undertake  the  labor  of  reporting  upon  special  questions  which  they 
have  made  peculiarly  their  own.  These  reports  would  be  printed  in 
extenso,  and  are  capable  of  rendering  invaluable  service  by  making 
accessible  acquired  knowledge  which  could  not  be  got  at  in  any  other 
way. 

We  owe  to  Mr.  Blackman  a  masterly  demonstration  of  the  fact,  long 
believed,  but  never,  perhaps,  properly  proved,  that  the  surface  of 
plants  is  ordinarily  impermeable  to  gases.  Mr.  Dixon  has  brought  for- 
ward some  new  views  about  water  movement  in  plants,  which  I  confess 
I  found  less  instructive  than  many  of  my  brother  botanists.  They  are 
expressed  in  language  of  extreme  technicality;  but  as  far  as  I  under- 
stand them,  they  amount  to  this :  The  water  moving  in  the  plant  is 
contained  in  capillary  channels;  as  it  evaporates  at  the  surface  of  the 
leaves  a  tensile  strain  is  set  up,  as  long  as  the  columns  are  not  broken, 
to  restore  the  original  level.  I  can  understand  that  in  this  way  the 
''  transpiration  current "  may  be  maintained.    But  what  I  want  to  know 
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is  how  this  explains  the  phenomena  in  the  sugar  maple,  a  single  tree  of 
which  will  yield,  I  believe,  20  to  30  gallons  of  fluid  before  a  single  leaf 
is  expanded? 

We  owe  to  Messrs.  Darwin  and  Acton  the  supply  of  a  "  Manual  of 
practical  vegetable  physiology,"  the  want  of  which  has  long  been 
keenly  felt.  Like  the  father  of  one  of  the  authors,  "I  love  to  exalt 
plants"  (I,  98).  I  have  long  been  satisfied  that  the  facts  of  vegetable 
physiology  are  capable  of  being  widely  taught,  and  are  not  less  signifi- 
cant and  infinitely  more  convenient  than  most  of  those  which  can  be 
easily  demonstrated  on  the  animal  side.  How  little  any  accurate  knowl- 
edge of  the  subject  has  extended  was  conspicuously  demonstrated  in  a 
recent  discussion  at  the  Eoyal  Society,  when  two  of  our  foremost  chem- 
ists roundly  denied  the  existence  of  a  function  of  respiration  in  plants, 
because  it  was  unknown  to  Liebig. 

ASSIMILATION. 

The  greatest  and  most  fundamental  problem  of  all  is  that  of  assimi- 
lation. The  very  existence  of  life  upon  the  earth  ultimately  depends 
upon  it.  The  veil  is  slowly,  but  I  think  surely,  being  lifted  from  its 
secrets.  We  now  know  that  starch,  if  its  first  visible  product,  is  not  its 
first  result.  We  are  pretty  well  agreed  that  this  is  what  I  have  called 
a  '*  protocarbohydrate."  How  is  the  synthesis  of  this  effected  T  Mr. 
Acton,  whose  untimely  end  we  can  not  but  deeply  deplore,  made  some 
remarkable  researches,  which  were  communicated  to  the  Boyal  Society 
in  1889,  on  the  extent  to  which  plants  could  take  advantage  of  organic 
compounds  made,  so  to  speak,  ready  to  their  hand.  Loew,  in  a  remark- 
able paper,  which  will  perhaps  attract  less  attention  than  it  deserves 
from  being  published  in  Japan  (Bull.  College  of  Agric.  Imp.  Univ. 
Tokio,  Vol.  I),  has  from  the  study  of  the  nutrition  of  bacteria  arrived 
at  some  general  conclusions  in  the  same  direction.  Bokomy  appears 
recently  to  have  similarly  experimented  on  algae.  Neither  writer,  how- 
ever, seems  to  have  been  acquainted  with  Acton's  work.  The  general 
conclusion  which  I  draw  from  Loew  is  to  strengthen  the  belief  that 
form-aldehyde  is  actually  one  of  the  first  steps  of  organic  synthesis,  as 
long  ago  suggested  by  Adolph  Baeyer.  Plants,  then,  will  avail  them- 
selves of  ready-made  organic  compounds  which  will  yield  them  this 
body.  That  a  sugar  can  be  constructed  from  it  has  long  been  known, 
and  Bokorny  has  shown  tbat  this  can  be  utilized  by  plants  in  the  pro- 
duction of  starch. 

The  precise  mode  of  the  formation  of  form-aldehyde  in  the  process 
of  assimilation  is  a  matter  of  dispute.  But  it  is  quite  clear  that  either 
the  carbon  dioxide  or  the  water,  which  are  the  materials  from  which  it 
is  formed,  must  suffer  dissociation.  And  this  requires  a  supply  of 
energy  to  accomplish  it.  Warington  has  drawn  attention  to  the  strik- 
ing fact  that  in  the  case  of  the  nitrifying  bacterium,  assimilation  may 
go  on  without  the  intervention  of  chlorophyll,  the  energy  being  supplied 
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by  the  oxidation  of  ammoDia.  This  brings  us  down  to  the  fact,  which 
has  long  been  suspected,  that  protoplasm  is  at  the  bottom  of  the  whole 
business,  and  that  chlorophyll  only  plays  some  subsidiary  and  indirect 
part,  perhaps,  as  Adolph  Baeyer  long  ago  suggested,  of  temporarily 
fixing  carbon  oxide  like  hemoglobin,  and  so  facilitating  the  dissociation. 

Chlorophyll  itself  is  still  the  subject  of  careful  study  by  Dr.  Schunck, 
originally  commenced  by  him  some  years  ago  at  Kew.  This  will,  I  hope, 
give  us  eventually  an  accurate  insight  into  the  chemical  constitution 
of  this  important  substance. 

The  steps  in  plant  metabolism  which  follow  the  synthesis  of  the 
protocarbohydrate  are  still  obscure.  Brown  and  Morris  have  arrived 
at  the  unexpected  conclusion  that  *'cane  sugar  is  the  first  sugar  to  be 
synthesized  by  the  assimilatory  processes."  I  made  some  remarks 
upon  this  at  the  time  ( Journ.  Chem.  Soc,  1893,  673),  which  I  may  be 
permitted  to  reproduce  here: 

"The  point  of  view  arrived  at  by  botanists  was  briefly  stated  by 
Sachs  in  the  case  of  the  sugar  beet,  starch  in  the  leaf,  glucose  in  the 
petiole,  cane  sugar  in  the  root.  The  facts  in  the  sugar  cane  seem  to  be 
strictly  comparable.  (Kew  Bulletin,  1891, 35-41.)  Cane  sugar  the  bota- 
nist looks  on,  therefore,  as  a  *  reserve  material.'  We  may  call  'glucose' 
the  sugar  'currency'  of  the  plant,  cane  sugar  its  'banking  reserve.' 

"The  immediate  result  of  the  diastatic  transformation  of  starch  is 
not  glucose,  but  maltose.  But  Mr.  Horace  Brown  has  shown  in  his 
remarkable  experiments  on  feeding  barley  embryos  that,  while  they  can 
readily  convert  maltose  into  cane  sugar,  they  altogether  fail  to  do  this 
with  glucose.  We  may  conclude,  therefore,  that  glucose  is,  from  the 
point  of  view  of  vegetable  nutrition,  a  somewhat  Inert  body.  On  the 
other  hand,  evidence  is  apparently  wanting  that  maltose  plays  the  part 
in  vegetable  metabolism  that  might  be  expected  of  it.  Its  conversion 
into  glucose  may  be  perhaps  accounted  for  by  the  constant  presence  in 
plant  tissues  of  vegetable  acids.  But,  so  far,  the  change  would  seem 
to  be  positively  disadvantageous.  Perhaps  glucose,  in  the  botanical 
sense,  will  prove  to  have  a  not  very  exact  chemical  connotation. 

"That  the  connection  between  cane  sugar  and  starch  is  intimate  is  a 
conclusion  to  which  both  the  chemical  and  the  bot-anical  evidence  seems 
to  point.  And  on  botanical  grounds  this  would  seem  to  be  equally 
true  of  its  connection  with  cellulose. 

"It  must  be  confessed  that  the  conclusion  that  'cane  sugar'  is  the 
first  sugar  to  be  synthesized  by  the  assimilatory  processes  seems  hard 
toreconcile  with  its  probable  high  chemical  complexity,  and  with  the 
fact  that,  botanically,  it  seems  to  stand  at  the  end  and  not  at  the  begin- 
ning of  the  series  of  metabolic  change." 

PROTOPLASMIC   CHEMISTRY. 

The  synthesis  of  proteids  is  the  problem  which  is  second  only  in 
importance  to  that  of  carbohydrates.  Loew's  views  of  this  deserve 
attentive  study.  Asparagin,  as  has  long  been  suspected,  plays  an 
important  part.  It  has,  he  says,  two  sources  in  the  plant.  "It  may 
either  be  formed  directly  from  glucose,  ammonia  (or  nitrates),  and  sul- 
I)hates,  or  it  may  be  a  transitory  product  between  protein  decomposition 
and  reconstruction  from  the  fragments"  (loo.  cit.,  G4). 
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In  tlie  remarks  I  made  to  the  Chemical  Society,!  ventured  to  express 
my  conviction  that  the  chemical  processes  which  took  place  under  the 
influence  of  protoplasm  were  probably  of  a  dift'erent  kind  from  those 
with  which  the  chemist  is  ordinarily  occupied.  The  plant  produces 
a  profusion  of  substances,  apparently  with  great  facility,  which  the 
chemist  can  only  build  up  in  the  most  circuitous  way.  As  Victor 
Meyer  (Pharm.  Journ.,  1890,  773)  has  remarked:  *'In  order  to  isolate 
an  organic  substance  we  are  generally  confined  to  the  purely  accidental 
properties  of  crystallization  and  volatilization."  In  other  words,  the 
chemist  only  deals  with  bodies  of  great  molecular  stability;  while  it 
can  not  be  doubted  that  those  which  play  a  part  in  the  processes  of 
life  are  the  very  opposite  in  every  respect.  I  am  convinced  that  if  the 
chemist  is  to  helj)  in  the  field  of  protoplasmic  activity  he  will  have  to 
transcend  his  present  limitations,  and  be  prepared  to  admit  that  as 
there  may  be  more  than  one  algebra,  there  may  be  more  than  one 
chemistry.  I  am  glad  to  see  that  a  somewhat  similar  idea  has  been 
suggested  by  other  fields  of  inquiry.  Professor  Meldohi  (Nature,  XLII, 
250)  thinks  that  the  investigation  of  photochemical  processes  ^'may 
lead  to  the  recognition  of  a  new  order  of  chemical  attraction,  or  of  the 
old  chemical  attraction  in  a  different  degree."  I  am  delighted  to  see  that 
the  ideas  which  were  floating,  I  confess,  in  a  very  nebulous  form  in  my 
brain  are  being  clothed  with  greater  precision  by  Loew. 

In  the  paper  which  I  have  already  quoted,  he  says  of  proteids  (loc. 
cit.,  13):  "They  are  exceedingly  labil  compounds  that  can  be  easily 
converted  into  relatively  stable  ones.  A  great  lability  is  the  indispen- 
sable and  necessary  foundation  for  the  production  of  the  various  actions 
of  the  living  protoplasm  for  the  mode  of  motions  that  move  the  life 
machinery.  There  is  a  source  of  motion  in  the  labil  position  of  atoms 
in  molecules,  a  source  that  has  hitherto  not  been  taken  into  considera- 
tion either  by  chemists  or  by  physicists." 

But  I  must  say  no  more.  The  problems  to  which  I  might  invite  atten. 
tion  on  an  occasion  like  this  are  endless.  I  have  not  even  attempted 
to  do  justice  to  the  work  that  has  been  accomplished  among  ourselves, 
full  of  interest  and  novelty  as  it  is.  But  I  will  venture  to  say  this, 
that  if  capacity  and  earnestness  afford  an  augury  of  success,  the  pros- 
pects of  the  future  of  our  section  possess  every  element  of  promise. 


ZOOLOGY  SINCE  DARWIN^ 


By  IjUDWia  v.  Gbaff. 


We  of  the  younger  generation,  whose  scientific  training  began  within 
the  domain  of  Darwinism,  can  only  with  difficulty  realize  what  an  agita* 
tion  was  produced  almost  forty  years  ago  in  the  "descriptive"  natural 
sciences  by  Darwin's  Origin  of  Species.*  It  fell  like  a  thunderbolt 
in  a  quiet  period  of  descriptive  work,  when  it  was  commonly  thought 
that  the  philosophical  ideas  of  the  early  part  of  the  century  were 
airy  plays  of  fantasy,  undemonstrated  and  undemonstrable,  and  that 
all  speculation  should  therefore  be  distrusted,  while  the  solid  ground 
of  fact  should  be  clung  to  with  anxious  care. 

How  the  theory  of  natural  selection  suddenly  vivified  that  dry  descrip- 
tion, what  wings  it  lent  to  the  scalpel  of  the  anatomist,  and  what  wide 
vistas  did  it  open  to  the  eyes  of  the  systematists,  already  becoming  so 
shortsighted ! 

The  mummies  of  species  which  filled  our  collections,  each  fenced  off 
from  each  by  well-arranged  Latin  diagnoses,  were  suddenly  linked 
together  by  blood  relationship.  The  fossil  remains  of  extinct  forms — 
hitherto  shut  out  from  the  common  realm  of  living  things — were  en- 
dowed with  ilesh  and  blood  and  arranged  with  the  fauna  and  flora  of 
to-day  in  a  single  great  family  tree  representing  the  entire  history  of 
life  upon  the  globe. 

It  is  indeed  well  known  that  the  Idea  of  a  natural,  genealogical 
descent  of  existing  animals  and  plants  from  the  simplest  primitive 
forms  was  expressed  long  before  Darwin,  and  was  specially  and 


>A  discourse  delivered  by  Prof.  Ludwig  yon  Graff  on  the  occasion  of  his  formal 
inauguration  as  rector  magnificus  of  the  Imperial  Royal  Charles  Francis  Univer- 
sity at  Graz,  November  i,  1895.  Translated  from  original,  '*Die  Zoologie  seit 
Darwin,"  Graz,  1896. 

^The  Origin  of  Species  by  Means  of  Natural  Selection,  or  the  Preservation  of 
Favored  Races  in  the  Struggle  for  Life,  by  Charles  Darwin.  London,  1859.  Trans- 
lated into  German  by  J.  V.  Carus  under  the  title :  ''Charles  Darwin  ueber  die  Entste- 
hnng  der  Arten  durch  naturliche  Zuchtwahl,  oder  die  Erhaltung  der  begUnstigen 
Baasen  im  Kampfe  nm's  Dasein,"  Stuttgart,  1859. 

477 


478  ZOOLOGY   SINCE    DARWIN. 

thoroughly  formulated  by  Lamarck.^  But  the  theory  of  natural  selec- 
tion i)roposed  by  the  illustrious  Briton  for  the  first  time  attempted  to 
place  it  on  a  scientific  basis.  The  manifest  phenomena  of  inheritance 
and  variation  are  the  main  supports  of  his  bold  doctrine,  the  axis  on 
which  revolves  the  great  loom  of  life  which  is  propelled  by  the  struggle 
of  all  living  things  to  maintain  themselves  and  to  bring  forth  new  life. 
The  cause  of  the  countless  varieties  of  suitably  modified  forms  has 
been  made  clear  by  Darwin,  for  he  has  shown  that  both  the  mainte- 
nance of  the  individual  and  that  of  the  species  require  a  perpetaal 
struggle  with  the  influences  of  the  environment  and  with  competing 
individuals,  a  struggle  in  which  that  only  survives  which  is  best 
adapted  and  most  suitable  to  the  existing  conditions.  Therefore  there 
occurs  a  natural  selection,  the  existing  species  undergoing  an  adapta- 
tion, a  transformation,  a  division,  and  a  completion.  In  the  course  of 
the  immeasurably  great  spaces  of  time  which  have  elapsed  since  the 
appearance  of  the  first  elementary  living  being,  there  has  arisen  the 
entire  ascending  series  of  vegetable  and  animal  organisms^  at  whose 
head  man  now  regards  himself. 

The  Darwinian  theory  has  become  common  property,  and  we  can 
trace  its  influence  m  almost  all  departments  of  intellectual  activity. 
Its  opponents — who,  by  the  way,  outside  the  circle  of  naturalists,  did 
not  combat  in  Darwin  so  much  his  own  work,  the  theory  of  selection, 
as  the  older  theory  of  descent — have  become  ever  fewer  and  more  quiet 
as  the  doctrine  has  ceased  to  be  put  forward  as  a  definite  philosophical 
theory  of  life  and  has  become  the  object  of  special  scientific  investiga- 
tion. And  the  time  appears  to  be  not  far  distant  when  the  Darwinian 
theory  will  be  no  more  considered  as  a  matter  for  controversy  than  is 
the  Copernican  theory  of  the  solar  system. 

We  can,  therefore,  dispassionately  turn  to  the  question,  "What 
influence  has  Darwin's  work  had  upon  the  development  of  zoology!'' 

First,  it  should  be  pointed  out  that  the  Darwinian  theory  encountered 
the  two  great  branches  of  natural  history  under  very  different  con- 
ditions. While  in  the  science  of  botany,  physiology  had  already 
obtained  its  proper  place,  there  still  prevailed  in  zoology  a  tendency 
to  exclusive  systematic  morphology.  What  wonder  that  a  doctrine 
whose  highest  aim  consisted  in  the  elucidation  of  forms  should  effect  a 
much  more  powerful  evolution  in  zoology  than  in  botany !  That  Dar- 
win himself  was  specially  trained  as  a  zoologist  and  hence  took  most 
of  his  examples  from  the  animal  kingdom,  and  that,  besides,  the  phe- 
nomena of  the  "  struggle  for  existence,"  as  well  as  those  of  "  natund 
selection,"  are  much  more  striking  and  manifold  in  that  domain  than 
in  the  vegetable  kingdom,  should  be  considered  as  secondary  causes  in 
explaining  why  the  Darwinian  theory  took  so  much  quicker  and  deeper 
root  in  zoology  than  in  botany. 

'J.  Lamarck,  Philosophie  zoologiqne,  PariS;  1809.  Translated  into  German  by  A. 
Lan^  under  the  title:  '^ Zoologisclie  Philosopbie  von  Jean  Lamarck,  uebet  einer 
biograpbischeu  Einleitung  von  Cbarles  Martins/'    Jena,  1876. 


Charles  Darwin.   <ie09— 1882.) 
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Finally,  however,  it  affected  both  in  the  same  way,  and  there  are  but 
few  examples  in  tlie  history  of  the  development  of  the  haman  mind 
that  show  such  a  revolution  in  the  elementary  principles  of  a  science 
as  the  theory  of  natural  selection  has  affected  in  the  above-mentioned 
studies.  Instead  of  being  contented  with  mere  description  and  lucid 
arrangement,  there  was  undertaken  the  higher  task  of  determining  the 
causal  relations  of  forms:  ant-like  descriptive  industry  had  to  associate 
itself  with  the  comparative  method;  the  eye  had  to  seek  assistance 
from  the  imagination. 

As  the  first  and  most  urgent  task,  appeared  the  changing  of  the 
classification  hitherto  followed  according  to  the  lines  laid  down  by 
Linnaeus  and  Cuvier  into  one  which  should  correspond  with  the  his- 
tory of  the  descent  of  living  beings.  The  fiery  spirit  of  E.  Haeckel 
tried  to  accomplish  this,  when,  in  his  brilliantly  devised  system  of  the 
organic  natural  sciences,  the  General  Morphology  of  Organisms,*  he 
attempted  to  determine  the  primitive  stocks.  However  rash  this  may 
have  been,  considering  the  state  of  zoology  at  that  time,  it  rendered 
an  inestimable  service  by  giving  the  first  impulse  toward  that  great 
development  of  animal  morphology  that  has  taken  place  during  the 
last  decade.  Modern  morphology  first  dates  from  that  time,  when,  as 
formerly  stood  Schiller  and  Goethe,  Haeckel,  and  Gegenbaur  worked 
side  by  side.  Since  that  time  it  has  become  so  essential  a  x)art  of 
scientific  zoology  that  the  text-books  of  to-day  are  only  too  much  given 
up  to  comparative  morphology. 

The  "fundamental  law  of  biogeny"  formulated  by  Haeckel, namely, 
that  ontogeny  (the  development  of  the  individual)  is  a  short  recapitu- 
lation of  phylogeny  (the  development  of  the  stock),  soon  dominated  all 
branches  of  zoology,  controlling  comparative  anatomy,  embryology,  and 
paleontology.  Since  the  ancestral  stages  traversed  by  an  animal  are 
repeated  in  a  more  or  less  recognizable  manner  in  the  transitory  forms 
assumed  during  the  development  of  each  individual,  so  embryology 
came  in  the  i)ost-Darwinian  times  to  be  considered  as  a  necessary 
study.  To  this  is  chiefly  due  the  enormous  increase  in  zoological  pub- 
lications, which,  during  the  period  from  1845  to  1860,  amounted  to  a 
yearly  average  of  2,900,  but  in  that  from  1860  to  1880,  increased  to 
about  5,400  per  year.*^ 

Simultaneously  with  this  increase  in  literary  production,  there 
occurred  an  improvement  in  the  technical  methods  of  research.  Innu- 
merable staining  methods  enabled  the  investigator  to  study  more 
accurately  the  structure  of  the  cell,  to  separate  its  nucleus  from  its 
plasma,  as  also  to  define  the  constituent  portions  of  each  according 
to  their  various  susceptibilities  to  staining. 


1  £.  Haeckel,  Generelle  Morphologie  der  OrganiHincD,  Berlin,  1866. 

'As  a  basis  for  this  calciilatiou,  I  have  used  J.  V.  Carus  and  W.  £nglemann, 
''Bibliotheca  zoologica'' Leipzig,  1861,  and  O.  Taschenberg,  ''Bibliothecazoologica/' 
II,  Leipzig,  1887-1896. 
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The  tissues  of  the  body,  sach  as  muscle,  nerve,  and  connective  tissue, 
indeed  the  cells  of  a  single  organ  acting  under  separate  functional  con- 
ditions, as  those  of  glands,  were  separated  from  each  other  in  the 
microscopical  field  by  means  of  newly  invented  methods  of  staining  and 
impregnation.  The  old  methods  of  teasing  and  compressing  tissues 
were  superseded  by  the  microtome,  which  has  become  indispensable  in 
these  investigations  because  it  enables  us  to  divide  an  animal  into  an 
unbroken  series  of  extremely  thin  slices.  Since  by  such  means  one 
can  again  restore  after  section  the  structure  of  objects  even  as  to  their 
most  elementary  parts,  we  obtained  the  means  of  investigating  the 
intimate  structure  of  animals  whose  small  size  had  hitherto  made  it 
impossible  t/O  dissect  them  with  the  scalpel  and  whose  opacity  pre- 
vented us  from  obtaining  any  information  concerning  them  by  the 
compression  method.  A  great  advance  was  also  made  in  the  efficiency 
of  the  microscope  by  the  construction  of  apochromatic  lenses. 

These  all  redounded  to  the  benefit  of  morphology  and  at  no  previous 
period  of  zoology  were  there  produced  so  many  comprehensive  and 
exhaustive  monographs  on  zootomic  and  embryological  subjects.  The 
purpose  of  most  of  these  was  the  establishment  of  the  ancestral  tree. 
But  while  comparative  anatomy  was  of  the  first  importance  in  the 
elucidation  of  the  relationships  of  existing  living  forms,  embryology 
lent  itself  particularly  to  the  task,  because  it  assisted  to  fill  the  gaps  in 
the  paleontogical  record,  by  comparing  the  older  stages  of  animal  life 
with  the  phases  of  individual  development.  One  result  of  this  activity 
was  the  theory  of  the  homology  of  the  germinal  layers.  As  certainly  as 
the  egg  of  all  animals  has  the  morphological  value  of  a  cell  and  points 
to  unicellular  primitive  beings  (protozoa)  as  the  beginning  of  all  higher 
organization,  so  surely  must  also  the  subsequent  embryonal  stages  of 
multicellular  animals  (metazoa)  afford  reminiscences  of  common  ances- 
tral forms.  And  Haeckel,  starting  from  this  premise,  believed  that 
in  the  "gastrula"  developmental  stage— a  widely  extended  form  con- 
sisting of  two  concentric  cell  layers  and  a  primitive  mouth — ^he  had,  in 
fact,  found  the  type  of  that  ancestral  form  common  to  all  multicellulai 
animals  (the  Gastraea).^  Its  two  cell  layers  must  necessarily  have  the 
same  morphological  value  in  all,  and  thereby  was  presented  the  pos- 
sibility of  tracing  the  homology  of  organs,  not  only  in  single  stocks, 
but  also  throughout  the  entire  kingdom  of  the  metazoa. 

But  when  we  examine  the  facts  cited  in  support  of  this  wide-reach- 
ing generalization,  we  are  obliged  to  admit  that  it  has  not  as  yet  been 
established.  The  more  profound  our  embryological  knowledge  becomes, 
and  the  more  exact  our  comparative  researches  are,  the  higher  loom 
the  difficulties.  But  the  essential  trouble  lies  not  so  much  in  the  difii- 
culty  of  readily  bringing  under  the  gastrula  scheme  all  the  observed 

'£.  Haeckel,  ''Die  Gastra^a-Theorie,  die  phylogenetische  Clasaification  des  Thier- 
roichs  und  die  Homologie  der  Keimblatter'^  (Jenaiache  Zeitschrift  fUr  NatanriMen- 
schaft,  VIII.  Bd.,  Jena,  1874). 
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phases  of  developmeut,  nor  in  the  circumstance  that  organs  of  developed 
animals  having  similar  structure  and  formation  arise  from  different 
germinal  layers^  but  in  the  fact  that  the  primary  germinal  layers  arise 
not  only  in  different  related  animal  stocks,  but  sometimes  even  within 
one  and  the  same  phylum,  in  such  a  diverse  manner  that  it  would 
certainly  be  a  reversal  of  the  old  conception  of  homology  *  if,  in  spite  of 
this,  they  should  be  considered  as  morphological  equivalents. 

The  morphological  point  of  view,  which  has  hitherto  exclusively  pre- 
vailed, will  hardly  serve  us  in  this  case.  Experimental  inquiry  must 
first,  tracing  out  the  causes  of  the  different  kinds  of  development, 
seek  to  make  clear  to  us  ^^the  internal  mechanism  of  the  phenomena." 
Only  in  this  way  can  we  succeed  in  properly  separating  the  ^^kenoge- 
netic,"  or  secondary,  deceptive  changes  of  form  from  the  *^palin genetic" 
characters  that  represent  originally  inherited,  developmental  phases.' 
And  until  a  more  solid  foundation  for  this  shall  be  obtained,  the  theory 
of  the  germinal  layers,  that  has  often  been  advanced  with  so  much 
confidence,  can  not  be  authoritatively  formulated. 

Of  double  value,  therefore,  appear  the  facts  that  have  been  contrib- 
uted to  morphology  from  another  phylogenetic  source,  that  of  the 
natural  history  of  extinct  forms.  Once  an  accessory  of  geology,  this 
has,  during  the  period  that  we  are  considering,  been  developed  into  an 
independent  branch  of  study,  and  has  borne  richer  and  richer  fruit  in 
proportion  as  it  has  recognized  the  necessity  of  correlating  its  advances 
with  the  knowledge  of  living  animals.^ 

Zoology  and  paleozoology  have  both  the  same  chief  aim — the  elucidar 
tion  of  the  history  of  the  animal  forms  of  our  globe,  and  a  collection 
corresponding  to  modern  views,  which  require  a  complete  representa- 
tion of  the  material  available  for  reconstructing  the  history  of  the  race, 
ought  to  place,  side  by  side  with  the  forms  of  animals  now  living,  the 
petrified  remains  of  their  ancestors.    The  generalized  types,  transition 


'C.  GegenbauT,  the  master  of  comparative  anatomy,  describes  homology  (special 
homology)  as  *^ihe  relation  between  two  organs  that  had  a  common  origin;  that  is 
to  say,  have  been  developed  from  a  similar  primitive  form/'  and  a  complete  homol- 
ogy exists  ''whenever  the  organ  in  question,  however  it  may  be  modified  in  shape, 
eize,  and  other  relations,  has  constantly  maintained  its  position  and  connections 
unchanged."  (Grundziige  der  vergleichenden  Anatomie,  2  Aufl.,  pp.  80-81,  Leipzig, 
1870.) 

-E.  Haeckel,  '*  Die  Gastrula  unddie  Eifurchung  derThiere"  (Cap.,  Die  Bedentung 
der  Palingenie  und  der  Cenogenie).  ( Jenaische  Zeitschrift  fUr  Natnrwissenschaft, 
IX.  Bd..  Jena,  1875.) 

•K.  V.  Zittel  has  been  especially  active  in  conducting  paleontology  into  this  new 
path.  By  his  teaching  and  researches,  as  well  as  by  the  exemplary  arrangement  of 
the  state  paleontological  collection  in  Munich,  V.  Zittel  has  continually  worked 
to  secure  the  intimate  cooperation  of  paleozoology  and  zoology,  and  his  well-known 
"Grundziige  der  Paliloutologie ''  (Miincheu  und  Leipzig,  1895)  is  directed  to  the 
same  end.  Compare  also  K.  v.  Zittel,  ''  Die  Paliiontologie  und  das  biogenetische 
Grnndgesetz,"  in  "Aula,"  Wocheublatt  fiir  die  Akadem.  Welt,  I.  Jahrg.,  page  385 
et  seq.  Miincheu,  1895;  as  well  as  F.  v.  Wagner's  review  in  the  Biologische  Central- 
blatt,  XL  Bd.,  p.  840  et  seq.,  Leipzig,  1895. 
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forms,  and  complete  series  of  saccessive  developments,  with  which 
paleontology  has  supplied  ns,  are  all  the  more  valuable  because  the 
exactitude  of  its  descriptions,  resting  in  part  upon  petrified  material^ 
and  the  ease  with  which  its  fundamental  facts  can  be  reverified,  lend  to 
most  paleontological  expositions  a  certainty  and  trustworthiness  that 
must  often  be  denied  to  those  that  relate  to  the  morphology  of  recent 
animals. 

Darwin  has  carefully  avoided  the  consideration  of  a  number  of  ques- 
tions whose  discussion  is  of  no  great  weight  for  his  theory  of  selection. 
So  it  is,  in  fact,  of  no  importance  for  the  latter  what  our  conceptions 
may  be  as  to  the  origin  of  the  simplest  forms  of  life  upon  the  earth,  if 
we  only  establish  indubitably  that  such  did  exist.  So  also  the  theory 
of  descent,  as  well  as  the  theory  of  selection,  is  unaffected  by  the  fact 
that  at  the  time  they  were  first  advanced  there  was  no  intelligible  con- 
ception of  the  material  basis  of  heredity,  nor  of  the  causes  of  variation. 
The  actual  existence  of  these  processes  sufficed,  and  served  as  a  satis- 
factory basis  for  the  theory.  As  soon,  however,  as — first  by  German 
naturalists  and  philosophers — ^the  theory  of  descent  was  expanded  to  a 
new  system  of  biological  philosophy,  these  important  questions  were 
necessarily  brought  forward  for  discussion. 

As  regards  the  first  of  these  questions,  the  primary  evolution  of 
organisms^  we  have  not  yet  been  able  to  formulate  a  satisfactory 
theory.  As  there  are  no  chemical  elements  or  *' vital  materials"  pecu- 
liar to  living  beings,  and  no  special  "vital  force"  has  been  demon- 
strated, there  remains  only  the  supposition  that  the  first  evolution  of  the 
simplest  organisms  must  have  taken  place  from  inorganic  material  by 
the  action  of  the  forces  that  oi>erate  in  its  own  domain.  As,  however, 
the  material  basis  of  vital  processes,  protoplasm,  consists  of  combina- 
tions of  carbon  belonging  to  the  group  of  albuminoid  bodies,  the 
attempt  was  made  to  refer  the  phenomena  of  movement  that  charac- 
terize life  to  the  peculiar  chemico-physical  peculiarities  of  carbon. 
But  neither  this  so-called  carbon  theory  of  Haeckel,  nor  the  endeavor 
made  in  recent  years  by  O.  Biitschli  and  others  to  imitate  by  artifi- 
cial mixtures'  the  structure  and  movements  of  protoplasm,  informs 
us  how  a  mixture  of  dead  albuminoid  compounds  can  become  living 
protoplasm. 

A  conception  in  any  way  satisfactory  as  to  the  first  evolution  of 
living  beings  must  be  still  more  difficult  at  this  time,  as  not  only  can 
chemistry  afford  us  no  satisfactory  insight  into  the  molecular  structure 
of  protoplasm,  but  it  appears  from  theoretical  considerations  that  the 
much-cited  "  simple  lump  of  protoplasm"  may  have  a  highly  complicated 


>0.  Biitschli,  rntersuchunsfcn  fiber  lulkroskopiBche  Schiinme  und  das  Proto- 
plosma.  Versuche  und  Beobachtangen  zur  Losaiig  der  Frage  nach  den  physikali- 
scheu  BedingUDgeii  der  Lebenserscheinungen,  I^eipzig,  1892,  as  weU  as  lat«r 
publications  of  the  same  author  in  the  Verhandlungep  des  natnrh.  medicinischen 
Vereins  zu  Heidelberg. 
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stracture  and  should  not,  without  further  evidence,  be  compared  to  an 
albuminoid  mixture. 

By  this  time  the  enthusiasm  which  hailed  bathybius  as  the  represent- 
ative of  Oken's  "primitive  slime,"  an  undifferentiated  protoplasmic 
mass  covering  the  bottom  of  the  ocean,  has  considerably  cooled.^  The 
alleged  nonnucleated  primitive  beings  disappear  more  and  more  since 
we  have  had  the  means  of  demonstrating  the  cell  nucleus  where  it  had 
escaped  observation  when  treated  by  the  technical  methods  formerly 
used,  and  the  hypothesis  of  "free  cell  formation"  in  organic  fluids  has 
given  place  to  the  maxim  "omnis  cellula  e  cellula." 

There  will,  then,  on  the  day  when  we  learn  that  the  last  of  the  moners 
possesses  a  nucleus  like  other  cells,  be  seen  a  much  greater  gap  between 
the  simplest  known  living  being  and  the  inorganic  individual — the 
crystal— than  is  realized  to-day. 

Zoology  has  obtained  more  satisfactory  results  from  the  numerous 
researches,  which,  either  with  or  without  the  knowledge  of  their  con- 
ductors, contributed  to  bring  nearer  to  a  solution  the  problems  of 
heredity  and  variation. 

Darwin  considered  heredity  as  a  fact  of  experience  demonstrated  by 
the  specific  similarity  of  child  and  adult,  without  attempting  to  seek 
for  its  material  vehicle.*  Since,  however,  all  living  beings  are  made  up 
of  cells,  and  even  the  most  complicated  organism  has  at  the  beginning 
of  its  development  the  morphological  value  of  a  single  cell,  such  a 
vehicle  can  be  only  a  part  of  a  cell.  To  find  it  we  must  have  a  deeper 
insight  into  the  structure  of  the  cell  and  into  the  significance  of  its 
various  parts. 

For  example,  as  soon  as  the  structure  of  the  cell  substance  and  that 
of  the  nucleus  which  it  contains  were  investigated  by  the  new  methods, 
the  surprising  discovery  was  made  that  movement  and  irritability,  as 
well  as  respiration,  are  functions  that  the  cell  substance  exercises  inde- 
pendently from  the  nucleus;  that,  on  the  contrary,  assimilation  and 
secretion  take  place  only  under  the  influence  of  the  latter  and  that  the 
nucleus  is  the  only  organizing  morphogenic  factor  of  the  cell.  Further 
investigations  showed  that  the  cell  consists  of  two  substances,  chro- 
, matin  and  achromatin,  distinguished  by  their  behavior  with  staining 
fluids,  the  first  of  which  plays  an  important  role  in  cell  division,  as  its 
distribution  inaugurates  the  multiplicative  process  and  leads  through 
a  regalar  succession  of  metamorphoses  (mitosis)  first  to  the  bipartition 
of  the  nucleus,  and  then  to  that  of  the  extranuclear  cell  substance. 

*  The  bathybias,  recently  discovered  by  Bessels,  appears  to  be  nothing  more  than 
a  plasmodium-likc  organism  having  only  a  local  distribution.  (See  Bronu's  Clas-sen 
und  Orduungeu  des  Thierreichs,  Protozoa,  recently  reedited  by  O.  Biitschli,  pp. 
179-181.     Leipzig  and  Heidelberg,  1880. 

'The  pangenesis  hypothesis  of  Darwin,  which  supposed  that  the  germ  was 
inflnenced  by  the  form  of  the  body  which  held  it  as  well  as  by  external  conditions 
of  existence  by  means  of  small  particles  attracted  to  it  from  all  parts  of  the  body, 
is  without  any  evidential  basis,  and  is,  as  V/eismann  (Germplasma,  p.  7)  haa 
remarked,  more  a  statement  than  a  solution  of  the  question  of  heredity. 
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The  coDcluMon  that  chromatin  is  the  special  vehicle  of  heredity  conld 
not,  however,  be  brought  forward  with  convincing  precision  until 
bisexual  (digenous)  propagation  was  studied.  Here,  where  two  cells, 
usually  of  very  difterent  shape,  unite  to  form  the  impregnated  eggy  it 
is  proved  that  during  the  act  the  chromatin  of  the  latter  is  formed  in 
equal  proportions  from  the  chromatin  of  the  two  parent  cells. 

So  the  century-old  problem  of  fecundation  has  been  solved,  a  prob- 
lem whose  history  shows  in  the  most  instructive  and  at  the  same  time 
amusing  manner  how  preconceived  ideas  may  becloud  observation,  and 
how  ingenious  the  human  mind  is  when  it  tries  to  replace  the  want  of 
facts  by  dialectics. 

The  researches  on  cell  division  and  fecundation,  together  with  the 
tendency  to  phylogeny,  have  given  to  the  post-Darwinian  period  of  zool- 
ogy its  character.  They  are  among  the  most  glorious  achievements  in 
the  realm  of  natural  science.  Those  who  in  the  zoological  field  have 
specially  interested  themselves  in  these  investigations — W.  Flemming, 
O.  and  E.  Hertwig,  Ed.  van  Beneden— have  for  the  first  time  made  it 
possible  to  formulate  a  theory  of  heredity.  For,  however  important 
may  be  the  knowledge  quite  recently  acquired  that  all  changes  in  the 
chromatin  are  passive,  conducted  and  controlled  by  a  newly  discovered 
source  of  power,  the  "  centrosome,''  it  can  in  no  way  change  our  con- 
ception of  the  chromatin  as  the  substance  by  which  the  parental  quali- 
ties are  transmitted. 

As  all  cell  nuclei  are  derived  from  the  nucleus  of  the  eggj  every  cell 
of  the  body  must  contain  a  minute  portion  of  the  parental  chromatin 
and  thereby  is  secured  the  transmission  of  the  parentsil  qualities. 
Upon  this  basis  is  founded  A.  Weismann's  theory  of  heredity,^  which 
has  certainly  performed  one  service  that  can  not  be  controverted,  in 
that  it  has  at  last  clearly  formulated  the  question. 

Are  the  lines  of  development  exactly  predetermined  by  the  constitu- 
tion of  the  germ,  or  is  the  germ  to  a  certain  extent  an  indifferent 
constructive  material,  whose  future  shaping  depends  solely  upon  the 
conditions  of  existence  to  which  it  is  exposed? 

On  the  one  hand,  the  derivation  of  existing  living  forms  from  ances- 
tors dissimilar  in  shax)e,  and,  on  the  other,  the  phenomena  of  heredity 
which  teach  us  that  parent  and  child,  or  to  express  it  otherwise,  the 
successive  generative  cycles  of  the  same  species,  always  pass  throng:h 
specifically  similar  morphological  states,  enable  us  to  find  an  answer  to 
these  questions.  It  is  expressed  thus  by  the  orthodox  Darwinians: 
Every  organism  is  a  resultant  of  heredity  and  adaptation — what  the 
parent  inherits  he  transmits  wholly  to  the  child,  but  he  adds  thereto 
what  he  has  himself  acquired. 


^  A.  Weismann :  Das  Keimplasma,  eine  Theorie  der  Vererbang,  Jena,  1892.  Among 
the  other  nnmerons  writings  of  this  author  on  the  same  subject  the  following  are 
especially  worthy  of  attention :  Die  Allmacht  der  Natnrziichtnng,  eine  Erwidening 
an  Herbert  Spencer,  Jena,  1S93;  Aussere  Einfliisse  als  Entwioklungsreize,  Jena,  1894; 
Neae  Qedanken  zur  VererlraiigBfiraige,  Jena,  1S95. 
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On  the  contrary,  Weismann's  neo-Darwinism  denies  the  inheritance 
of  acquired  characters,  and  there  exists  no  well-authenticated  fact  that 
contradicts  his  views  nor  any  theory  that  can  give  a  plausible  explana- 
tion of  the  transmission  to  the  organs  of  the  body  of  new  structural 
elements  for  the  germ  cells. 

Should  we  accept  this  inheritance  of  acquired  characters,  or,  what  is 
the  same  thing,  an  immediate  morphogenic  and  hereditarily  transmis- 
sible action  of  external  forces,  then  it  would  be  equivalent  to  admitting 
the  possibility  of  the  production  of  new  living  and  fertile  animal  forms 
of  the  most  varied  kinds  by  changing  the  conditions  of  existence  in 
the  eggs  of  the  same  species.  This  is  the  last  consequence,  and  one 
contrary  to  all  experience,  of  the  hypothesis  that  external  conditions 
are  the  factors  that  determine  form. 

Oscar  Hertwig  and  Y.  Delage  seek  to  avoid  this  conclusion,  which 
they  also  recognize  as  absurd,  by  tracing  back  the  essential  similarity 
of  child  and  parent  to  the  specific  chemico-physical  constitution  of  the 
germ-plasm  derived  ^m  the  latter.^  The  derivation  of  a  species  from 
the  germ  of  another  is  prevented  because  every  germ  must  perish  that 
does  not  find  the  environment  adapted  to  its  specific  constitution. 
But  this  is  only  removing  the  causes  of  morphogenesis  to  the  intimate 
constitution  of  the  germ. 

To  attribute  the  same  causal  significance  to  these  true  causes  of 
morphogenesis  which  lie  in  the  intimate  constitution  of  the  germ  as  to 
the  influence  of  external  conditions  is,  however,  evidently  arbitrary, 
and  indicates,  as  F.  v.  Wagner  has  quite  recently*  justly  remarked,  a 


'  Y.  Delage,  La  stacture  du  protoplasma  et  les  tb^^ories  sur  rher<5dit^  et  le8  grands 
probK'mes  de  la  biologie  gdncrale.  ParlH,  1895.  Dclage's  views  on  the  heredity 
question  are  the  exact  opposite  of  those  of  Weismann.  Characteristic  of  this  is 
Delage's  statement  that  for  the  elucidation  of  the  morphological  and  physiological 
agreement  between  parent  and  child  we  no  more  need  to  accept  a  tendency  to  inher- 
itance rcHiding  in  the  germ  than  we  do  to  explain  why  the  cadaver  of  an  earth- 
worm,  of  an  insect,  of  a  frog,  and  of  a  mammal  under  the  same  external  conditions 
all  pass  in  the  same  way,  typical  for  each  animal  named,  through  the  processes  of 
decomposition. 

O.  Hertwig,  Priiformation  oder  Epigenese  ?  Grundziige  einar  Entwicklnngstheorie 
der  Organismen.  Jena,  1894.  Hertwig  harmonizes  the  opposing  views  of  Weismann 
and  Delage,  in  that  he  does  not  assign  the  causes  of  the  generation  of  form  either 
exclusively  to  the  germ,  nor  exclusively  or  preponderatlngly  to  the  environment, 
but  gives  to  each  an  equal  determining  value.  Hertwig  himself  says  of  his  theory 
(pp.  132-133) :  ''This  theory  may  be  called  evolutionary,  because  it  accepts  for  the 
basis  of  the  processes  of  development  a  specific  and  highly  organized  primitive  sub- 
stance ;  it  is,  on  the  contrary,  cpigenctio  in  so  far  as  it  considers  that  the  primitive 
substance  increases  only  by  the  fulfillment  of  innumerable  conditions,  in  which,  for 
example,  I  include  the  chemical  processes  that  begin  with  the  first  segmentation  of 
the  cell,  gradually  shaping  itself,  step  by  step,  till  it  finally  produces  a  maturely 
developed  result  as  different  from  its  first  primitive  condition  as  the  completely 
organized  plant  or  animal  is  from  the  single  cells  which  compose  it.'' 

*F.  V.  Wagner,  Einige  Bemerkungen  zu  O.  Hertwig's  Entwicklungs-Theorie 
(Biologisches  Centralblatt,  XV  Bd.,  pp.  777-815,  Leipzig,  1895).  The  same,  Das 
Problem  der  Vererbung  ('•Aula"  Wochenblatt  fur  die  Gebildeten  aller  Stiinde,  I. 
Jsbrg.,  Nr.  24  und  25,  MUnchen,  1895). 
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confounding  of  cause  and  condition  contrary  to  the  ordinary  use  of  the 
terms. 

Systematic  zoology  and  the  comparative  anatomy  of  living  beings 
show  us  that  the  possibilities  of  development  for  germs  are  almost 
infinitely  varied,  and  though  any  particular  germ  can  only  pass  over 
the  same  path  as  did  the  innumerable  generations  of  its  ancestors,  this 
can  only  be  due  to  internal  causes;  that  path  must  have  been  there 
ready  to  be  traversed;  that  is  to  say,  there  must  be  fixed  external 
circumstances  (conditions)  ])resent  if  the  causes  are  to  make  their 
operation  manifest. 

E.  Haeckel  has  said  ^  that  with  the  inheritance  of  acquired  peculiari- 
ties the  entire  theory  of  descent  must  stand  or  fall.  This  would  oidy 
be  correct  if  there  were  no  other  explanation  for  the  variability  of 
organisms.  But  Weismann  does  not  deny  that  the  conditions  of  exist 
ence  may  have  an  alterative  infiuence  upon  the  constitution  of  the  germ- 
plasm,  and  during  long  spaces  of  time  many  components  of  the  conge- 
ries of  forces  belonging  to  the  latter  may  increase  in  power,  others 
decrease;  indeed  even  new  sources  of  force  may  be  introduced.  But 
these  operations  are  direct  and  not  caused  by  the  action  of  any  of  the 
other  organs  of  the  body. 

To  support  the  hypothesis  of  such  a  direct  infiuencing  of  the  germ- 
plasm  by  external  agents,  we  are  forced  to  refer  to  those  organisms 
that  are  propagated  asexually  (monogenically),  for  in  germs  which  are 
produced  bisexually  (digenically)  there  are  already  possible,  because  of 
the  intermixture  of  hereditary  material  from  two  different  parents,  an 
extraordinary  numl)er  of  combinations  in  the  composition  of  the  germ- 
plasm,  so  many  that  it  is  probable  that  the  separation  of  a  portion  of 
the  nucleus  (the  polar  bodies),  which  is  observed  to  occur  before  the 
beginning  of  segmentation,  is  an  operation  for  the  elimination  of  a 
superfluous  number  of  hereditary  tendencies.* 

The  cause  of  variation  lies,  therefore,  in  the  individual  changes  that 
occur  in  the  composition  of  the  germ-plasm,  and  what  we  call  ^<  adapta- 
tion," is  not  an  active  and  immediate  achievement  of  a  single  indi- 
vidual, but  the  result  of  a  more  or  less  complicated  process  of  selection 
that  extends  throughout  generations  of  individuals.  The  external 
conditions,  to  whose  influence  animals  respond  in  a  definite  manner 
peculiar  and  appropriate  for  each  species,  are  therefore  in  no  way  the 
true  causes  of  such  reactions,  but  merely  release  a  morphogenic  force 
that  already  resides  in  the  germ  and  can  only  be  put  in  action  by  just 
these  i)recise  circumstances. 

If  we  accept  the  view  here  presented,  there  will  be  noted  a  remark- 
able contrast  between  the  germ  cells  and  the  "  soma,"  that  multiform 


'  E.  Haeckel,  Zur  Phylogeuie  der  australischen  Fauna;  SystematiBche  Elnleitung. 
In  R.  Semon,  ZoologUclie  Fonchnng^reisen  in  Australien  und  dem  malayischen 
Arcbipel,  I.  Bd.,  Jena,  1887. 

^A.  Weismann,  liber  die  Zahl  der  Riohtungskurper  und  iiber  ihre  Bedeatang  fiir 
die  Vererbung.    Jena,  1887. 
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and  often  extraordinarily  complicated  assemblage  of  the  remaining 
organs  of  the  body.  It  is  in  this,  that  in  the  segmentation  that  has 
occurred  during  the  preceding  development  of  the  o\Tim,  those  cells 
which  are  to  play  the  part  of  germ  cells  in  the  future  mature  organism 
have  assigned  to  them  all  portions  of  the  ovum  necessary  for  the  recon- 
struction of  the  entire  body,  while  to  the  somatic  cells  only  those  sub- 
stances are  assigned  which  are  required  for  the  construction  of  a 
definite  organ  or  apparatus.  In  this  way  the  soma  becomes  eventually 
an  organ  of  the  propagating  cells  that  completes  the  work  of  metabo- 
lism, moves,  feels,  and  thinks,  but  yet  only  serves,  as  may  be  said,  for 
the  evolution  of  the  germ  cells  and  so  assures  the  continuity  of  life. 

Since  we  have  seen  what  are  the  chief  new  lines  along  which  zoology 
has  developed  since  Darwin's  time,  we  may  now  be  permitted  to  con- 
sider what  modifications  have  been  given  to  the  old  problems,  once  the 
only  ones,  namely,  the  description  of  the  existing  material  of  animal 
forms  and  the  observation  of  their  life  history;  that  is  to  say,  systematic 
natural  history  and  biology  in  the  restricted  sense.  The  latter,  although 
it  had  been  for  a  long  time  neglected,  gave  the  theory  of  natural  selec- 
tion a  new  and  mighty  imjmlse.  It  has  been  for  this  science  a  flourish- 
ing period,  which  can  only  be  compared  with  that  epoch  at  the  end  of 
the  eighteenth  century  when  were  made  the  striking  discoveries  of 
Beaumur,  Boesel,  De  Geer,  Bonnet,  ^chaffer,  and  others.  How  import- 
ant now,  from  a  Darwinian  point  of  view,  were  the  correlation  of  animals 
with  each  other  and  with  plants,  the  influence  of  climate  and  food  and 
of  light  and  heat  to  the  struggle  for  existence,  and  to  the  phenomena  of 
natural  selection !  The  entire  world  offered  material  for  this  study,  and 
there  appeared  books  like  H.  W.  Bates's  Naturalist  on  the  Kiver 
Amazon  and  A.  E.Wallace's  Malay  Archipelago,  which  were  models  for 
biological  studies.  A  great  number  of  excellent  English  and  German 
investigators  applied  themselves  to  this  work  and  found  in  the  biologic 
history  of  plants  and  animals  ever  new  evidence  of  the  truth  of  the 
Darwinian  theory,  yet  at  the  same  time  often  encountering  x>uzz]ing 
phenomena  whose  elucidation  has  baffled  the  acuteness  of  naturalists 
even  to  the  present  time.  It  is  evident  that  here,  as  in  other  depart- 
ments, we  have  not  yet  reached  the  end  of  knowledge,  or,  better,  that 
of  search  for  knowledge,  and  of  means  for  investigating  the  truth. 

Under  biological  facts  there  was  formerly  always  placed  geographical 
distribution.  This  was,  indeed,  only  because  it  was  customary  to 
explain  faunal  variations  by  referring  their  causes  to  environmental 
conditions.  As  these  did  not  usually  afford  a  plausible  exx^lanation, 
zoogeography  was  essentially  a  collection  of  lists  whose  perusal  was  of 
not  much  more  value  to  zoologists  than  a  glance  through  a  menag- 
erie. The  new  foundation  for  the  theory  of  descent  has  made  a  funda- 
mental change  in  this,  as  it  makes  possible  for  the  first  time  a  scientific 
treatment  of  the  facts  of  zoogeography.  The  faunal  character  of  a 
region  is  determined  by  its  geological  age,  the  phylogenetic  condition 
of  the  animal  kingdom  at  the  time  of  its  deposition  and  its  varying 
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geographical  relations  to  other  faunal  areas  during  the  different  phases 
of  the  earth's  history.  It  follows  from  this  that  it  is  not  so  much  the 
phenomena  of  adaptation  as  the  phylogenetic  forces  that  are  of  the 
first  importance  in  determining  the  typical  character  of  a  fauna.  Zoo- 
geography becomes,  therefore,  an  important  branch  of  phytogeny.  ^ 
A.  £.  Wallace  brought  forward  this  conception  in  his  famous  work,  The 
Geographical  Distribution  of  Animals,^  and  he  thereby  becomes  the 
master  teacher  of  modern  zoogeography.  As  a  preliminary  for  it« 
^rther  extension  it  appears  to  be  necessary  to  pursue  with  the  utmost 
conscientiousness  the  laborious  and  petty  task  of  systematically 
describing  species. 

Descriptive  systematic  zoology  has  not  gained  from  the  new  doctrine 
so  much  directly  as  indirectly,  through  the  general  increase  of  interest 
in  zoology  and  botany  which  led  to  more  work  in  these  branches  than 
ever  before.  Besides,  it  would  be  easy  to  show  that  the  colossal  increase 
in  our  inventory  of  animal  forms,  rising  from  about  50,000  species  in 
1832  to  about  150,000  to-day,  should  be  ascribed  not  only  to  the  greater 
number  of  investigators  in  the  field,  but  also  to  the  development  of 
geography.  Since  the  latter  has  been  promoted  from  a  servant  of  his- 
tory to  the  rank  of  an  independent  science,  and  oceanographic  questions 
have  become  prominent,  those  great  expeditions  have  been  organized 
which  have  given  a  wider  character  to  the  zoology  of  this  period.  When 
we  learn  that  as  regards  marine  life  the  Challenger  expedition  of  1872- 
1876  alone  obtained  nearly  8,000  new  species,  we  are  involuntarily 
reminded  of  the  times  of  Piso,  Marcgravius,  and  Bontius,  who  at  the 
beginning  of  the  seventeenth  century  astonished  mankind  by  showiug 
for  the  first  time  pictures  of  the  dodo  and  of  <*homo  sylvestris''  brought 
from  "both  Indies."  The  description  of  tliese  species  gave  hun- 
dreds of  new  races,  families,  and  orders;  and,  published  in  thirty-two 
quarto  volumes  with  2,629  plates,  kept  60  zoologists  of  all  the  culti- 
vated nations  employed  for  twenty  years.^    The  result  of  this  single 


>In  geographical  distribation,  the  genealogioal  relations  come  out  with  special 
clearness  in  those  cases  where  it  can  be  shown  that  there  is  a  regular  proportion 
between  the  geographical  separation  and  the  morphological  differences.  This 
important  conformity  to  law  was  first  stated  by  H.  Spitzer  in  his  excellent  Beitrage 
zur  Descendenztheorio  (Leipzig,  1886),  and  was  shown  to  exist  in  the  orders  of  apefl 
and  struthious  birds  (p.  259  et  seq. ).  This  relation  onght  to  be  demonstrable  in  many 
other  groups  of  the  animal  kingdom.  It  may  be  stated  that  one  of  the  most  decided 
opponents  of  the  transformistic  theory  of  descent,  A.  Wigand,  has  made  his  agree- 
ment to  that  doctrine  dependent  upon  the  possibility  of  proving  sach  a  relation 
between  geographic  separation  and  morphological  difference.  (A.  Wigand,  Der 
Darwinismns  und  die  Naturforschung  Newtou*s  nnd  Cnvier's.  Braanschweig, 
1874-1877.) 

'  Authorized  German  edition  by  A.  B.  Meyer,  two  yolnmes.   Dresden,  1876. 

^Report  on  the  scientific  results  of  the  voyage  of  H.  M.  S.  Chaltenger  during  the 
years  1872-1876,  under  the  command  of  Capt.  Sir  George  A.  Nares  and  the  late  Capt. 
Frank  Tourle  Thompson.  Prepared  under  the  superintendence  of  the  late  Sir 
C.  Wy ville  Thomson,  and  now  of  John  Murray.    Fifty  vols.   4^,  London,  1880-1895. 
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expedition  has  increased  the  number  of  known  species  in  many  groups 
of  animals  four  or  five  fold. 

The  increase  in  the  collective  number  of  forms  described  has  had,  in 
the  first  place,  one  result,  in  that  it  has  obtained  for  the  description  of 
species  a  wider  basis  aud  a  more  positive  meaning,  in  contrast  to  the 
Linniean  principle,  that,  looking  only  to  practical  exigencies  of  the 
moment,  declared  that  new  species  must  be  separated  from  those  already 
known  by  means  of  well-marked  characters.  We  must  now  seek  such 
a  conception  of  specific  qualities  as  may  enable  us  to  separate  each 
specific  form  from  those  yet  to  be  discovered.  This  requirement,  which 
was  already  considered  by  careful  systematists  before  the  time  of  Dar- 
win, is  especially  dif&cult,  and  can  not  be  met  unless  one  possesses  the 
sense  of  form  required  for  an  artist.  But  at  the  same  time  the  Dar- 
winians often  fell  into  a  willful  neglect  of  systematic  work,  a  neglect 
which  arose  from  despising  the  hair-splitting  systems  of  the  museums 
which  were  commonly  unfriendly  to  the  new  theory,  partly  from  exag- 
gerated ideas  of  the  fluidity  of  species — ideas  which  led  to  the  most 
extraordinary  abortions  in  the  systematic  field. 

Happily,  this  period  of  fermentation  is  over,  and  we  are  learning 
again  to  prize  systematic  description  as  it  is,  for  example,  employed  in 
the  too  long  neglected  science  of  entomology.  We  need  these  methods 
not  only  for  the  purpose  of  lending  depth  to  our  studies  through  the 
more  extended  retrospect  of  comparative  anatomy  and  embryology,  but 
in  order  to  better  express,  by  means  of  a  system,  the  natural  relation- 
ship of  forms.  One  thing  is  certain,  that  the  miuutiose  recital  of  diag- 
nostically  important  external  characters,  which  is  customary  in  entom- 
ology, has  done  much  less  harm  than  the  neglect  with  which  external 
form  relations  have  been  treated  by  the  **  scientific  "  zoology  of  the  last 
ten  years.  To  this  neglect  is  to  be  ascribed  the  fact  that  modern  mono- 
graphs are  almost  useless  for  conscientious  zoogeographers,  because 
they  treat  systematic  subjects  so  superficially,  and  the  reproach,  some- 
times not  entirely  without  justice,  is  made  against  German  zoology, 
that  it  produces  excellent  theorizers,  distinguished  comparative  anato- 
mists and  embryologists,  but  no  zoologists.  As  if  the  knowledge  of 
form  were  not  the  basis  of  all  zoology,  and  as  if  one  could  obtain  a 
living  conception  of  the  phenomena  of  variation  without  having  trained 
the  eye  by  exact  systematic  studies  in  at  least  one  group  of  animals ! 
Darwin  himself,  at  the  very  time  when  he  was  revolving  in  his  mind 
his  undisclosed  theory  of  natural  selection,  gave  in  his  monograph  on 
the  cirripeds,*  an  example  of  exact  systematic  description.  And  what 
systematic  zoologist  does  not  know  the  important  fact  that  there  often 
exists  between  apparently  unessential  external  characters  and  impor- 
tant points  of  internal  organization  so  profound  a  correlation  that 


^Charles  Darwin,  A  Monograph  of  the  subclass  Cirripedia,  with  figures  of  all  the 
species.    Two  vols.,  Loudon,  18D1-1854. 
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artificial  systems  built  upon  those  alone  are  found  to  correspond  to  the 
grouping  according  to  natural  relationships! 

It  is  well  known  that  a  change  in  this  policy  is  required.  So  the 
Deutsche  Zoologische  Gesellschaft  resolved,  soon  after  its  successful 
establishment  in  1890,  to  publish  an  immense,  systematic  work  *  embrac- 
ing all  the.  forms  of  animals  known  up  to  this  time,  and  also  undertook 
a  new  edition  of  the  Systema  Naturae  of  Linnaeus.^  These  are  eloquent 
signs  of  the  necessity  for  profound  systematic  work. 

Yet  it  should  not  be  overlooked  that  the  best  modern  descriptions  of 
species  are  pure  abstractions  that  seek  to  embrace  in  a  single  specially 
colored  jjicture  the  result  of  the  researches  made  upon  a  greater  or  less 
number  of  individuals.  By  a  synthesis  of  this  sort  we  form  ideas  of 
species  to  which  no  single  individual  ever  exactly  corresponds,  and 
which,  while  they  suffice  indeed  for  the  prime  necessity  of  lucidity,  can 
never  give  the  materials  needed  for  the  scientific  construction  of  the 
theory  of  descent.  For  that  purpose  there  would  be  required  descrip- 
tions, as  exact  and  bare  as  possible,  of  numerous  single  objects.  It 
would  be  necessary  to  exactly  portray  the  collective  examples  of  several 
generations  with  all  their  individual  traits,  especially  in  the  case  of  such 
species  as  were  considered  variable.  If  the  race  then  encountered  dif 
ferent  external  conditions,  it  would  in  this  way  be  possible  to  separate 
the  constant,  inherited  characters  from  the  variable  ones.  In  the  botan- 
ical field  there  exists,  in  Kageli's  work  on  the  Hieraceae,  an  investiga- 
tion of  this  kind  which  has  given  to  that  aeute  thinker  an  opi)ortunity 
to  remark  on  the  importance  of  a  sharp  distinction  between  uniformity 
and  constancy,  as  well  as  between  multiformity  and  variation.-^  In  the 
animal  kingdom,  while  such  experiments  are  much  more  difficult,  they 
are  certainly  not  impossible,  and  yet  they  are  entirely  unknown.*  In 
this  direction  there  is  open  to  the  systematists  of  the  future  a  great  and 
remunerative  field  for  work. 

So  we  find  that  systematic  zoology,  which  in  the  "descriptive"  age 
before  Darwin,  confined  itself  to  short  differential  diagnoses  and  inven- 
tories arranged  for  clearness  only,  but  afterwards  took  upon  itself  the 
office  of  an  ancestral  tree,  defining  true  blood  relationships,  is  to  become, 
in  the  next  period  of  our  science,  quite  indispensable  to  the  experi- 
mental method. 


'The  publication  of  this  isfortanatcly  already  secared  and  for  most  groups  of  the 
animal  kingdom  competent  editors  have  been  obtained.  It  will  appear  under  the 
title:  Das  Tierreich.  £ine  Zusammeustellung  und  Kennzeichnung  der  rezenten 
Tierformen.    To  be  published  by  R.  Friedljinder  und  Sohu  in  Berlin. 

^Caroli  Linniei  Systema  naturae^  regnum  animale.  Editio  decima,  1758.  Car» 
societatis  zoological  germanicie  Iterum  edita.     Berolini,  1894. 

'"C.  y.  Nageli,  Mechanisch-physiologische  Theorie  dor  Abstammungslelire,  page 
239  ff.    Miinchen  und  Leipzig,  1894. 

'^Even  for  the  most  elementary  of  the  questions  here  considered,  that  of  the  degree 
of  variability  of  animal  species  in  a  state  of  nature,  there  has  been  up  to  the  present 
time  but  little  material  collected.  Compare  A.  K.  Wallace,  Darwinism,  authorized 
translation  into  German  by  D.  Brauns,  Braunschweig,  1891. 


ZOOLOGY    SINCE    DARWIN.  491 

On  lookiDg  back,  we  see  that  in  all  the  principal  branches  of  zoolog- 
ical science  the  theory  of  desceut  founded  by  Darwin  has  become  the 
leading  motive  of  an  investigating  activity  such  as  was  unknown  in 
any  former  period. 

This  activity  is  characterized  by  a  preponderance  of  morphological 
interests  which  has  led  to  such  an  unjust  neglect  of  physiology  that 
today,  when  it  has  become  necessary  to  consider  morphological 
development  in  order  to  state  problems  whose  solutions  can  only  be 
obtained  by  experiment,  neither  the  working  methods  nor  even  the 
workers  are  to  be  found  who  can  solve  such  problems. 

Therefore,  morphology,  seeking  for  light,  threatened  to  have  recourse 
to  a  new  edition  of  Schelling-Oken's  Natural  Philosophy,  since  the  new 
way  out  of  the  diflBculties  was  not  yet  staked  out  by  sound  experience. 

Although  controlled  by  an  exclusively  morphological  tendency 
opposed  to  its  own  proper  ends,  zoology  has  begun  to  recognize  as  a 
new  branch  of  work  the  "  causes  of  organic  morphogeny,"  and  Eoux  has 
already  founded  a  special  journal^  for  it.  But  this  name  does  not  indi- 
cate the  entire  scope  of  the  eftbrt,  which  would  be  much  better  char- 
acterized as  ''comparative  physiology"  or  "biomechanics."* 

Darwinism  has  filled  the  old  descriptive  zoology  with  a  philosophical 
spirit,  and  given  it  a  historical  character;  it  now  remains  the  duty  of 
the  coming  generation  to  so  shape  it  that  it  will  become  a  causal  science, 
resting  upon  an  experimental  basis. 


'Archiv  fiir  Entwlckelungsmechanik,  edited  by  W.  Koux.     Leipzig,  1894,  et  seq. 
'Y.  Delage.    Uue   science   nouvelle:    la   Biomdcanique.      (Revue  g6n<^rale    des 
sciences  pures  et  appUqu^es,  6<^  anu6e,  no.  10,  PariS;  1895. 


THE  EVOLUTION  OF  MODERN  SCIENTIFIC  LABORA- 

TORIES.» 


By  William  H.  Welch,  M.  D., 

Professor  of  Pathology,  Johns  Hopkins  University. 


The  scientiiic  discoveries  of  the  present  century  have  had  such  a 
profound  influence  upon  inventions,  upon  industries,  and  upon  the 
comfort,  health,  and  welfare  of  the  people  in  general,  that  there  is 
widespread,  even  if  not  always  adequate,  appreciation  of  the  value  of 
scientific  study  and  investigation.  But  it  may  be  doubted  whether 
there  is  any  proper  understanding,  in  the  minds  even  of  the  educated 
public,  of  the  material  circumstances  which  surround  scientific  dis- 
covery and  which  make  it  possible.  The  average  man,  if  interested  at 
all,  is  interested  that  the  discovery  is  made,  not  how  it  is  made. 

In  this  country,  where  we  must  rely  mainly  upon  enlightened  private 
beneficence,  and  not  upon  governmental  aid,  to  furnish  the  pecuniary 
resources  which  are  essential  for  scientific  progress,  it  is  important  that 
there  should  be  some  general  information  not  only  regarding  the  results 
of  scientific  work,  but  also  regarding  the  external  material  conditions 
necessary  for  the  fruitful  prosecution  of  such  work. 

At  the  present  day  the  systematic  study  and  advancement  of  any 
physical  or  natural  science,  including  the  medical  sciences,  requires 
trained  workers  who  can  give  their  time  to  the  work,  suitably  con- 
structed workrooms,  an  equipment  with  all  of  the  instruments  and 
appliances  needed  for  the  special  work,  a  supply  of  the  material  to  be 
studied,  and  ready  access  to  the  more  important  books  and  journals 
containing  the  special  literature  of  the  science. 

All  of  these  conditions  are  supx)lied  by  a  well-equipped  and  properly 
organized  modern  laboratory.  Such  laboratories  are,  with  the  partial 
exception  of  the  anatomical  laboratory,  entirely  the  creation  of  the 
present  century,  and  for  the  most  part  of  the  last  fifty  years.  They 
have  completely  revolutionized  during  the  past  half  century  the  mate- 
rial conditions  under  which  scientific  work  is  prosecuted.  They  are 
partly  the  result,  and  in  larger  part  the  cause,  of  that  rapid  progress 

^  An  address  delivered  at  the  opening  of  the  WiHiam  Pepper  Laboratory  of  Clinical 
Medicine,  Philadelphia,  December  i,  1895.  From  the  Johns  Hopkins  Hospital  Bul- 
letin, No.  58;  January,  1S%. 
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of  the  physical  and  natural  sciences  which  characterizes  the  era  in 
which  we  are  living. 

The  evolution  of  the  modern  laboratory  still  awaits  its  historian. 
It  is  not  difficult  to  find  incidental  references  to  historical  facts  bear- 
ing upon  this  subject.  The  development  of  the  chemical  laboratory 
has  been  traced  with  some  fullness.  But  it  is  curious  that  there  is  no 
satisfactory  monographic  treatment  of  the  general  subject  of  the  his- 
torical development  of  scientific  laboratories.  The  subject  seems  to 
me  an  attractive  one.  It  would  surely  be  interesting  to  trace  the 
development  of  the  teaching  and  the  investigating  laboratory  back  to 
its  beginnings,  to  learn  about  the  material  circumstances  under  which 
the  physicists,  the  chemists,  the  morphologists,  and  physiologists  of 
former  generations  worked.  What  share  in  the  development  of  labora- 
tories had  the  learned  academies  of  the  Eenaissance  and  of  the  subse- 
quent centuries!  What  share  had  public  and  private  museums  and 
collections  of  instruments  of  precision!  Wh^t  share  had  the  work 
of  the  exact  experimentalists,  beginning  with  Galileo,  of  physicians,  of 
the  alchemists,  and  of  the  apothecaries!  What  individuals^  universi- 
ties, corporations,  and  governmefits  were  the  pioneers  in  the  establish- 
ment of  laboratories  for  the  various  physical  and  natural  sciences! 
The  detailed  consideration  of  these  and  many  other  questions  perti- 
nent to  the  subject  would  make  an  interesting  and  valuable  historical 
contribution. 

There  is  evidence  that  in  Alexandria,  under  the  early  Ptolemies  in 
the  third  century  before  Christ,  there  existed  State-supported  insti- 
tutes, in  which  students  of  man  and  of  nature  could  come  into  direct 
personal  contact  with  the  objects  of  study,  and  by  the  aid  of  such 
appliances  as  were  then  available  could  carry  on  scientific  investiga- 
tions. The  practical  study  of  anatomy,  physiology,  pathology,  and 
other  natural  sciences  was  here  cultivated.  We  are  very  imperfectly 
informed  as  to  the  results  and  the  material  circumstances  of  this 
remarkable  period  in  the  history  of  science.  We  know  that  after  about 
a  century  of  healthy  activity  the  Alexandrian  school  gradually  sank 
into  a  place  for  metaphysical  discussions. 

Fifteen  hundred  years  elapsed  before  we  next  find  any  record  of  the 
practical  study  of  a  natural  science.  In  1231,  the  great  Ilohenstaufen, 
Frederick  the  Second,  who  has  been  called  the  most  remarkable  historic 
figure  of  the  Middle  Ages,  commanded  the  teachers  at  Salemum  dih- 
gently  to  cultivate  the  practical  study  of  anatomy.  After  the  passage 
of  this  edict  occasional  dissections  of  the  human  body  were  made,  hat 
it  can  not  be  said  that  tliere  was  any  diligent  cultivation  of  anatomy 
on  the  part  either  of  teachers  or  of  students  during  the  following  two 
centuries. 

In  the  latter  half  of  the  fifteenth  century  there  developed  that  active 
interest  in  the  practical  study  of  human  anatomy  which  culminated  in 
the  immortal  work  of  Vesalius,  published  in  1543.    After  this  the  study 
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of  anatomy  by  dissections  gradually  assumed  in  tbe  medical  curriculum 
that  commanding  position  which  it  has  maintained  up  to  the  present 
day. 

For  over  six  hundred  years  there  has  been  at  least  some  practical 
instruction  in  anatomy,  and  for  over  three  hundred  years  there  have 
existed  anatomical  laboratories  for  purposes  of  teaching  and  of  inves- 
tigation, although  only  those  c(»nstructed  during  the  present  century 
meet  our  idea^  of  what  an  anatomical  laboratory  should  be.  It  is  a 
matter  of  no  little  interest,  both  for  the  history  of  medicine  and  for  that 
of  science  in  general,  that  the  first  scientific  laboratory  was  the  anatom- 
ical laboratory.  Private  laboratories  for  investigation  must  have  existed 
from  the  earliest  times.  Doubtless  Aristotle  had  his  laboratory.  But 
the  kind  of  laboratory  which  we  have  on  this  occasion  in  mind  is  one 
open  to  students  or  investigators  or  both.  There  was  no  branch  of 
physical  or  natural  science,  with  the  exception  of  anatomy,  which  stu- 
dents could  study  in  the  laboratory  until  after  the  first  quarter  of  the 
present  century.  Only  in  anatomy  could  students  come  into  direct 
contact  with  the  object  of  study  and  work  with  their  own  hands  and 
investigate  what  lay  below  the  surface. 

The  famous  Moravian  writer  on  education,  Amos  Comenius,  over  two 
hundred  and  fifty  years  ago,  gave  vigorous  expression  to  the  concep- 
tion of  living,  objective  teaching  of  the  sciences.  He  said:  '^Men 
must  be  instructed  in  wisdom  so  far  as  possible,  not  from  books,  but 
from  the  heavens,  the  earth,  the  oaks,  and  the  beeches — that  is,  they 
must  learn  and  investigate  the  things  themselves,  and  not  merely  the 
observations  and  testimonies  of  other  persons  concerning  the  things." 
"Who  is  there,"  he  cries,  '-who  teaches  physics  by  observation  and 
experiment  instead  of  by  reading  an  Aristotelian  or  other  text- book!" 
But  how  little  ripe  were  the  conditions  then  existing  for  the  successful 
carrying  out  of  ideas  so  far  in  advance  of  his  times  is  illustrated  by 
the  very  writings  of  the  author  of  "Orbis  Pictus"  and  "Lux  in 
Tenebris." 

It  would  lead,  too  far  afield  to  trace,  in  detail,  on  this  occasion,  the 
development  of  physical  and  of  chemical  laboratories,  but  on  account 
of  the  intimate  connection  between  the  development  of  physics  and 
chemistry  and  that  of  medicine,  especially  of  more  exact  experimental 
work  in  the  medical  sciences,  a  few  words  on  this  subject  will  not  be 
out  of  place. 

Methodical  experimentation  in  the  sciences  of  nature  was  definitely 
established  by  Galileo,  and  was  zealously  practiced  by  his  contempora- 
ries and  successors  in  the  seventeenth  century.  It  was  greatly  pro- 
moted by  the  foundation,  during  this  century,  of  learned  societies,  such 
aB  the  Accademia  dei  Lincei  and  the  Accademia  del  Cimento,  in  Italy, 
the  Collegium  Curiosum,  in  Germany;  the  Academic  des  Sciences,  in 
Paris,  and  the  Koyai  Society,  in  England.  Much  of  the  classical 
apparatus  still  employed  in  physical  experiments  was  invented  at  this 
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period.  Experimental  physics  from  the  first  acquired  a  kind  of  fash- 
ionable vogue,  and  this  aristocratic  position  it  has  ever  since  main- 
tained among  the  experimental  sciences.  Tliese  sciences  must  concede 
to  physics  that  commanding  position  which  it  has  won  by  the  genius  of 
the  great  natural  philosophers,  by  the  precision  of  its  methods,  and  the 
mathematical  accuracy  of  its  conclusions,  and  by  the  fundamental 
nature  and  i)rofound  interest  and  importance  of  its  problems.  The 
debt  of  the  medical  sciences  to  the  great  exi>erimental  physicists,  from 
Kepler  and  Galileo  and  Newton  down  to  Helmholtz,  is  a  very  large 
one,  larger  than  is  probably  appreciated  by  medical  men  who  have  not 
interested  themselves  in  the  history  of  experimental  and  precise 
methods  in  medicine. 

There  existed  in  the  last  century  cabinets  of  physical  apparatus  to 
be  used  in  demonstrative  lectures,  but  they  were  very  inadequate,  and 
suitable  rooms  for  experimental  work  scarcely  existed.  It  was  not  until 
about  the  middle  of  the  present  century  that  we  find  the  beginnings  of 
the  modern  physical  laboratory.  Lord  Kelvin,  then  William  Thomson, 
established  a  physical  laboratory-  in  the  University  of  Glasgow  about 
1845  in  an  old  wine  cellar  of  a  house.  He  tells  us  that  "this,  with  the 
bins  swept  away  and  a  water  supply  and  sink  added,  served  as  a  phys- 
ical laboratory  for  several  years."  It  was  as  late  as  1863  that  Magnus 
opened  in  J3erlin  his  laboratory  for  experimental  physical  research. 
Since  1870  there  has  been  a  rapid  development  of  those  splendid  phys- 
ical institutes  which  are  the  pride  of  many  universities. 

Humbler,  but  more  picturesque,  was  the  origin  of  the  chemical  labo- 
ratory. This  was  the  laboratory  of  the  alchemist  searching  for  the 
philosopher's  stone.  In  the  painter's  canvas  we  can  still  see  the  vaulted, 
cobwebbed  room,  with  its  dim  and  mysterious  light,  the  stuffed  serpent, 
the  shelves  with  their  many-colored  bottles,  the  furnace  in  the  corner 
with  the  fire  glowing  through  the  loose  bricks,  the  fantastic  alembics, 
the  old  alchemist  in  his  quaint  armchair  reading  a  huge,  worm-eaten 
folio,  and  the  assistant  grinding  at  the  mortar.  Fantastic  and  futile 
as  it  all  may  seem,  yet  here  was  the  birth  of  modern  chemistry.  The 
alchemists  were  the  first  to  undertake  the  methodical  experimental 
investigation  of  the  chemicial  nature  of  substances.  No  more  i^owerful 
stimulus  than  the  idea  of  the  philosopher's  stone  could  have  been 
devised  to  impel  men  to  ardent  investigation.  But  search  for  gold 
was  not  all  that  inspired  the  later  alchemists.  Paracelsus,  the  alche- 
mist, that  strange  but  true  prophet  of  modern  medicine  as  he  was  of 
modern  chemistry,  said,  "Away  with  these  false  disciples  who  hold 
that  this  divine  science,  which  they  dishoiior  and  prostitute,  has  no 
other  end  but  that  of  making  gold  and  silver.  True  alchemy  has  but 
one  aim  and  object,  to  extract  the  quintessence  of  things,  and  to  pre- 
X)are  arcana,  tinctures,  and  elixirs  which  may  restore  to  man  the  health 
and  soundness  he  has  lost."  And  again  he  says  of  the  alchemists, 
"They  are  not  given  to  idleness  nor  go  in  a  proud  habit  or  plush  or 
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velvet  garments,  often  showing  their  rings  upon  their  fingers,  or  wear- 
ing swords  with  silver  liilts  by  their  sides,  or  fine  and  gay  gloves  upon 
their  hands,  but  diligently  follow  their  labors,  sweating  whole  days 
and  nights  by  their  furnaces.  They  do  not  spend  their  time  abroad 
for  recreation,  but  take  delight  in  their  laboratory.  They  wear  leather 
garments  with  a  pouch  and  an  apron  wherewith  to  wipe  their  hands. 
They  put  their  fingers  among  coals  and  into  clay,  not  into  gold  rings.'^ 

During  the  seventeenth  and  eighteenth  centuries  the  doctrines  and 
work  of  the  alchemists  had  profound  influence  upon  medicine.  Alchemy 
was  not  completely  overthrown  until  Lavoisier  gave  the  deathblow  to 
the  phlogistic  theory  of  Stahl.  But  for  a  considerable  time  before 
Lavoisier  introduced  the  new  spirit  into  chemistry  its  methods  and  its 
problems  were  gradually  approaching  those  of  modern  times.  It  was, 
however,  over  thirty  years  after  the  tragic  death  of  Lavoisier  before 
the  first  chemical  laboratory  in  the  modern  sense  was  established.  One 
can  not  read  without  combined  feelings  of  wonder  and  pity  of  the 
incommodious,  forlorn,  and  cramped  rooms  in  which  such  men  as  Scheele 
and  Berzelius  and  Gay  Lussac  worked  out  their  memorable  discoveries. 
Liebig  has  graphically  described  the  difficulties  encountered  by  the 
student  of  that  day  who  wished  to  acquire  practical  training  in  chem- 
istry. With  some  of  the  apothecaries  could  be  obtained  a  modicum  of 
practical  familiarity  with  ordinary  chemical  manipulations,  but  Sweden 
and  France  were  the  centers  for  those  with  higher  aspirations. 

It  was  the  memory  of  his  own  experiences  which  led  Liebig,  imme- 
diately after  he  was  appointed  professor  of  chemistry  in  Giessen  in 
1824,  to  set  about  the  establishment  of  a  chemical  laboratory.  Liebig's 
laboratory,  opened  to  students  and  investigators  in  1825,  is  generally 
stated  to  be  the  first  modern  public  scientific  laboratory.  Although, 
as  we  shall  see  x>resently,  this  is  not  quite  correct,  it  is  certain  that 
Liebig's  laboratory  was  the  one  which  had  the  greatest  influence  upon 
the  subsequent  establishment  and  organization  not  only  of  chemical 
laboratories,  but  of  public  scientific  laboratories  in  general.  Its 
foundation  marks  an  epoch  in  the  history  of  science  and  of  scientific 
education.  This  laboratory  proved  to  be  of  great  import  to  medical 
science,  for  it  was  here,  and  by  Liebig,  that  the  foundations  of  modern 
physiological  chemistry  were  laid. 

The  significance  of  this  memorable  laboratory  of  Liebig  is  not  that 
it  was  a  beautiful  or  commodious  or  well-equipped  laboratory,  for  it 
possessed  none  of  these  attributes — indeed,  it  is  said  to  have  looked 
like  an  old  stable,  but  that  here  was  a  place  provided  with  the  needed 
facilities  and  under  competent  direction,  freely  open  to  properly  pre- 
pared students  and  investigators  for  experimental  work  in  science. 

The  chemical  laboratories  of  to-day  are,  in  general,  the  best  organized 
and  the  best  supported  of  scientific  laboratories. 

The  need  of  establishing  physiological  laboratories  was  recognized 
several   years  before   the    foundation  of  Liebig's    laboratory.      The 
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important  results  to  be  derived  from  the  application  of  the  ex[)erimental 
method  to  the  study  of  vital  phenomena  had  been  deinoustrated  first, 
and  most  signally,  by  Harvey,  and  after  him  by  many  experimenters. 
The  fecundity  of  exact  experimentation  by  physical  and  chemical 
methods  applied  to  the  phenomena  of  life  had  been  shown  by  the  clas- 
sical researches  of  Lavoisier  on  respiration  and  animal  heat.  Magendie 
had  entered  upon  that  remarkable  scientific  career  which  entitles  him 
to  be  regarded  as  the  founder  of  modern  experimental  physiology, 
pathology,  and  pharmacology. 

In  1812,  Gruithuisen,  who,  after  the  custom  of  the  times,  filled  an 
encyclopedic  chair,  being  professor  in  Munich  of  physics,  chemistry, 
zootomy,  anthropology,  and  later  of  astronomy,  published  an  article 
advocating  the  establishment  of  physiological  institutes.  In  1823,  Pur- 
kinje,  one  of  the  most  distinguished  physiologists  of  this  century, 
accepted  the  professorship  of  physiology  in  Breslau,  this  being  the  first 
independent  ch^ir  of  ph3^siology  in  any  German  university.  In  1824, 
Purkinje  succeeded  in  establishing  a  physiological  laboratory,  which 
therefore  antedates  by  one  year  Liebig's  chemical  laboratory  in  Giessen, 
although  it  can  not  be  said  to  have  exercised  so  great  an  intiaenee  upon 
the  organization  of  scientific  laboratories  in  general  as  did  the  latter. 
In  1840,  Purkinje  obtained  a  separate  building  for  his  laboratory. 

With  two  or  three  exceptions,  all  of  the  separate  physiological  labora- 
tories worthy  of  the  name  have  been  established  since  the  middle  of 
the  present  century.  Bernard,  that  prince  of  experimenters,  worked 
in  a  damp,  small  cellar,  one  of  those  wretched  Parisian  substitutes  for 
a  laboratory  which  he  has  called  "the  tombs  of  scientific  investiga- 
tors." There  can  be  no  greater  proof  of  the  genius  of  Bernard  than 
the  fact  that  he  was  able  to  make  his  marvelous  discoveries  under  sucli 
obstacles  and  with  such  meager  appliances.  France  was  long  in  sup- 
plying her  scientific  men  with  adequate  laboratory  facilities,  but  no 
more  unbiased  recognition  of  the  value  and  significance  of  the  German 
laboratory  system  can  be  found  than  in  the  reports  of  Lorain,  in  1868, 
and  of  Wurtz,  in  1870,  based  uj)on  personal  study  of  the  construction 
and  organization  of  German  laboratories. 

Of  modern  physiological  laboratories,  the  one  which  has  exerted  the 
greatest  and  most  fruitful  influence  is  unquestionably  that  of  the  late 
Professor  Ludwig  iu  Leipzig.  This  unequaled  position  it  has  won  by 
the  general  plan  of  its  organization,  its  admirable  equipment,  the  num. 
ber  and  importance  of  the  discoveries  there  made,  its  development  of 
exact  methods  of  experimentation,  the  i>ersonal  character  and  genius 
of  its  director,  and  the  number  of  experimenters  there  trained  from  all 
parts  of  the  civilize<l  world. 

To-day  every  proj)erly  equipped  medical  school  has  its  physiological 
laboratory.  This  department  is  likely  to  continue  to  hold  its  ])laceas 
the  best  representative  of  exact  experimental  work  in  any  medical 
science.  A  good  knowledge  of  physiology  is  the  best  corrective  of 
pseudoscientific,  irrational  theories  and  practice  in  medicine. 
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Physiological  chemistry  has  been  an  important  department  of  research 
for  over  half  a  century,  but  it  is  only  within  recent  years  that  there  have 
been  established  independent  laboratories  for  physiological  chemistry. 
A  large  part  of  the  work  in  this  branch  of  science  has  been  done  hitherto 
in  laboratories  of  general  chemistry,  of  physiology,  of  pathology,  and 
of  clinical  medicine.  A  physiological  laboratory  can  not  well  be  with- 
out a  chemical  department,  and  tlie  same  is  true  of  several  other  med- 
ical laboratories;  but  it  seems  to  me  that  physiological  chemistry  has 
won  its  position  as  an  independent  science,  and  will  be  most  fruitfully 
cultivated  by  those  who  with  the  requisite  chemical  and  biological 
training  devote  their  entire  time  to  it.  The  usefulness  of  independent 
laboratories  for  physiological  chemistry  has  been  shown  by  the  work 
done  in  Hoppe-Seyler's  laboratory  in  Strassburg  since  its  foundation 
in  1872.  This  was  the  iirst  independent  laboratory  of  physiological 
chemistry. 

The  first  pathological  laboratory  was  established  •by  Virchow,  in 
Berlin,  in  1856.  About  this  time  he  wrote:  "As  in  the  seventeenth 
century  anatomical  theaters,  in  the  eighteenth  clinics,  in  the  first  half 
of  the  nineteenth  physiological  institutes,  so  now  the  time  has  come  to 
call  into  existence  pathological  institutes,  and  to  make  them  as  accessi- 
ble as  possible  to  all."  It  can  not  be  doubted  that  the  time  was  fully 
ripe  for  this  new  a<idition  to  medical  laboratories.  Virchow  secured 
his  laboratory  as  a  concession  from  the  Prussian  Government  upon  his 
return  from  Wurzburg  to  Berlin.  Virchow's  laboratory  has  been  the 
model  as  regards  general  plan  of  organization  for  nearly  all  patholog- 
icallaboratories  subsequently  constructed  in  Germany  and  in  other 
countries.  It  embraced  opportunities  for  work  in  pathological  anatomy^ 
experimental  pathology,  and  physiological  and  pathological  chemistry. 
This  broad  conception  of  pathology  and  of  the  scope  of  the  patholog- 
ical laboratory  as  including  the  study  not  only  of  diseased  structure, 
but  also  of  disordered  function,  and  as  employing  the  methods  not 
only  of  observation,  but  also  of  experiment,  s)>ould  never  be  lost 
sight  of. 

The  first  to  formulate  distinctly  the  conception  of  pharmacology  as 
an  experimental  science  distinct  from  therapeutics  and  closely  allied 
by  its  methods  of  work  and  by  many- of  its  problems  to  physiology 
was  Rudolph  Buchheim.  This  he  did  soon  after  going  to  Dorpat,  in 
1846,  as  extraordinary  professor  of  materia  medica,  and  it  was  appar- 
ently not  long  after  he  there  became  ordinarius,  in  1849,  that  he  estab- 
lislied  a  pharmacological  laboratory  in  his  own  house  and  by  his  private 
means.  Later,  this  laboratory  became  a  department  of  the  university 
and  developed  most  fruitful  activity.  Buchheim's  laboratory  was  the 
first  pharmacological  laboratory  in  the  present  acceptation  of  this  term. 
The  conception  of  pharmacology  advocated  by  Buchheim  has  been 
adopted  in  all  German  universities,  and  in  not  a  few  other  universities; 
but  it  can  not  be  said  to  have  been  as  yet  generally  accepted  in  the 
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medical  schools  of  this  country  aud  of  Great  Britain,  although  it  seems 
destined  to  prevail. 

The  medical  science  which  was  the  latest  to  find  domicile  in  its  own 
independent  laboratory  is  hygiene.  To  Petteukofer  belongs  the  credit 
of  first  establishing  such  a  laboratory.  Since  1847  he  had  been  engaged 
with  hygienic  investigations,  aud  in  1872  he  secured  from  the  Bavarian 
Government  the  concession  of  a  hygienic  institute.  This  admirably 
equipped  laboratory  was  opened  for  students  and  investigators  in  1878. 
By  this  time  Koch  had  already  begun  those  epochal  researches  which, 
added  to  the  discoveries  of  Pasteur,  have  introduced  a  new  era  in  med- 
icine. The  introduction  by  Koch  of  new  methods  of  investigating 
infectious  diseases  and  many  hygienic  problems  became  the  greatest 
possible  stimulus  for  the  foundation  of  laboratories  of  hygiene  and 
bacteriology,  and  to  some  extent  also  of  laboratories  of  pathology. 
The  results  already  achieved  by  these  new  methods  and  discoveries  in 
the  direction  of  prevention  and  cure  of  disease,  and  the  expectation  of 
no  less  important  results  in  the  future,  constitute  to-day  our  strongest 
grounds  of  appeal  to  governments  and  hospitals  and  medical  schools 
and  the  geueral  public  for  the  establishment  and  support  of  labora- 
tories where  the  nature,  the  causes,  the  prevention,  and  the  cure  of 
disease  shall  be  investigated.  You  have  established  here,  in  this  city, 
and  in  connection  with  this  university,  the  first  hygienic  laboratory  of 
this  country,  housed  in  its  own  building  and  assured,  I  believe,  of  a 
future  of  great  usefulness. 

It  is  apparent,  from  the  brief  and  imperfect  outline  which  1  have 
presented  of  the  evolution  of  modern  scientific  laboratories,  that  the 
birthplace  of  these  laboratories,  regarded  as  places  freely  open  for 
instruction  and  research  in  the  natural  sciences,  was  Germany.  Such 
laboratories  are  the  glory  to-day  of  German  universities,  which  possess 
over  two  hundred  of  them.  By  their  aid  Germany  has  secured  since 
the  middle  of  the  present  century  the  palm  for  scientific  education  and 
discovery. 

Great  scientific  investigators  are  not  limited  to  any  country  or  any 
time.  There  are  those  of  surpassing  ability  who  will  make  their  own 
opportunity  and  will  triumph  over  the  most  discouraging  environment 
This  country  and  every  civilized  country  can  point  to  such  men,  but 
they  are  most  exceptional.  The  great  majority  of  those  even  with  the 
capacity  for  scientific  work  need  encouragement  and  opportunity.  We 
now  have  sufficient  knowledge  of  the  workings  of  scientific  laboratories 
to  be  able  to  assert  that  in  general  where  the  laboratory  facilities  are 
the  most  ample  and  the  most  freely  available,  there  are  developed  the 
largest  number  of  trained  workers,  and  there  the  discoveries  are  the 
most  numerous  and  the  most  important.  At  the  present  day  no  coun- 
try, no  university,  and  no  medical  school  can  hold  even  a  respectable 
place  in  the  march  of  education  and  progress  unless  it  is  provided  with 
suitable  laboratories  for  scientific  work. 
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A  properly  equipped  and  properly  conducted  scientific  laboratory  is 
a  far  more  expensive  institution  than  is  usually  conceived.  It  must  be 
suitably  domiciled  either  in  a  separate  buildings  or  in  rooms  commo- 
dious and  well  lighted.  The  outside  architectural  features  are  of  sec- 
ondary importance.  The  instruments  and  appliances  necessary  for 
exact  observation  and  experiment,  even  in  those  sciences  which  appar- 
ently require  the  least,  are  numerous  and  costly.  A  working  library, 
containing  the  books  and  sets  of  journals  most  frequently  consulted, 
is  most  desirable,  if  not  absolutely  indispensable.  The  director  of  the 
laboratory  should  be  a  man  of  ability  and  experience,  who  is  a  master 
in  his  department  of  science.  He  must  have  at  least  one  assistant, 
who  is  preferably  a  young  man  aiming  to  follow  a  scientific  career.  A 
person  of  no  small  value  in  the  successful  working  of  the  laboratory  is 
the  intelligent  janitor  or  "diener,"  who  can  be  trained  to  do  the  work 
of  a  subsidiary  .assistant  and  can  be  intrusted  with  the  care  and 
manipulation  of  instruments.  There  must  be  funds  for  the  purchase 
of  fresh  supplies  and  new  instruments  when  needed.  The  running 
expenses  of  a  first-class  laboratory  are  not  small. 

But  costly  as  may  seem  the  establishment  and  support  of  a  good 
laboratory,  the  amount  of  money  expended  for  laboratories  would  seem 
to  us  ridiculously  insignificant  if  we  could  estimate  the  benefits  to 
mankind  derived  from  the  work  which  has  been  done  in  them.  Wurtz 
ba«  truly  said  of  the  money  required  for  laboratories,  "It  is  a  capital 
placed  at  a  high  rate  of  interest,  and  the  comparativ^ely  slight  sacri- 
fice imposed  upon  one  generation  will  bring  to  following  generations 
increase  of  well-being  and  knowledge." 

The  educational  value  of  the  laboratory  can  not  well  be  overesti- 
mated. For  the  general  student  this  is  to  be  found  primarily  in  the 
development  of  the  scientific  habit  of  thought.  He  learns  that  to 
really  know  about  things  it  is  necessary  to  come  into  direct  contact 
with  them  and  study  them.  He  finds  that  only  this  knowledge  is  real 
and  living,  and  not  that  which  comes  from  mere  observation  of  external 
appearances,  or  from  reading  or  being  told  about  things,  or,  still  less, 
merely  thinking  about  them. 

The  problem  of  securing  for  the  student  of  medicine  the  full  bene- 
fits of  laboratory  instruction  in  the  various  medical  sciences  is  a 
difficult  one,  and  can  not,  I  believe,  be  solved  without  considerable 
readjustment  of  existing  schemes  of  medical  teaching;  but  this  subject 
is  one  which  I  can  not  attempt  to  consider  here. 

The  whole  face  of  medicine  has  been  changed  during  the  lust  half 
century  by  the  work  of  the  various  laboratories  devoted  to  the  med- 
ical sciences.  Anatomy,  physiology,  and  pathology  now  rank  among 
the  most  important  of  the  sciences  of  nature.  They  have  been 
enriched  with  discoveries  of  the  highest  significance  and  value  not 
only  for  medicine,  but  also  for  general  biology.  Although  we  have 
not  penetrated,  and  perhaps  may  never  penetrate,  the  mystery  of  life, 
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we  are  coming  closer  and  closer  to  an  understanding  of  tbe  intimate 
structure  and  the  fundamental  properties  of  living  matter.  We 
already  know  that  living  matter  is  not  that  homogeneous,  formless 
substance  which  not  many  years  ago  it  was  believed  to  be,  but  that 
it  possesses  a  complex  organization. 

Practical  medicine  has  been  profoundly  influenced  by  the  unparal- 
leled development  of  the  medical  sciences  during  the  last  fifty  years, 
and  especially  during  more  recent  years.  Scientific  methods  have 
passed  from  the  laboratory  to  the  hospital.  Gases  of  disease  are  now 
studied  with  the  aid  of  physical  and  chemical  and  microscopical  and 
bacteriological  methods.  The  diagnosis  of  disease  has  thereby  been 
greatly  advanced  in  precision,  and  if  Boerhaave's  motto, "  qui  bene  diag- 
noscit,  bene  medebitur,"  be  true,  there  should  be  a  corresponding 
advance  in  the  results  of  the  treatment  of  disease.  Whether  or  not 
this  dictum  of  the  old  master  be  true — and  I  have  serious  doubts  as  to 
its  entire  truth — it  can  not  be  doubted  that  great  progress  has  been 
made  in  medical,  and  especially  in  surgical,  treatment  as  a  result  of 
scientific  discoveries,  although  the  treatment  of  disease  still  rests,  and 
will  doubtless  long  continue  to  rest,  largely  upon  empirical  foundations. 

We  are  assembled  here  to-day  to  assist  at  the  opening  of  a  laboratory 
which  gives  the  fittest  and  strongest  possible  exi^ression  to  the  influence 
of  scientific  work  upon  practical  medicine.  The  generous  founder  has 
marked  with  characteristic  insight  the  direction  in  which  the  current 
is  setting. 

The  conception  of  a  thoroughly  equipped  laboratory  as  an  integral 
part  of  a  hospital  and  intended  for  the  study  and  investigation  of  dis- 
ease is  of  recent  origin.  The  germs  of  this  idea,  however,  may  be 
traced  back  to  such  men  as  Hughes  Bennett  and  Beale  in  Great  Britain, 
and  to  Frerichs  and  Traube  in  Germany,  who  in  their  hospital  work 
made  fruitful  application  of  microscopical,  chemical,  and  experimental 
methods.  A  little  over  ten  years  ago.  Von  Ziemssen,  in  Munich,  estab- 
lished a  well-conceived  clinical  laboratory,  conttiining  a  chemical,  a 
physical,  and  a  bacteriological  department,  a  working  library,  aud 
rooms  for  practical  courses  and  the  examination  of  i)atients.  A  similar 
laboratory  was  secured  by  Curschmann  in  Leipzig  in  1892. 

The  growing  recognition  of  the  neetl  of  such  laboratories  is  the  result 
of  the  great  progress  in  scientific  medicine  during  recent  years.  The 
thorough  clinical  examination  of  many  cases  of  disease  now  re<iuires 
familiarity  with  numerous  technical  procedures,  physical,  chemical, 
microscopical,  and  bacteriological.  The  laboratory  outfit  re<iuire<l 
simply  for  routine  clinical  examinations  is  considerable.  A  microscope 
and  a  few  test  tubes  and  chemical  reagents  for  simple  tests  of  the 
urine  no  longer  suffice.  As  illustrations  of  this,  I  call  attention  to  the 
chnical  value  of  examinations  of  the  blood,  of  the  contents  of  the 
stomach,  of  fluids  withdrawn  from  the  serous  cavities,  of  the  sputum  aud 
various  secretions,  of  fragments  of  tissue  removed  for  diagnosis.    Such 
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examinations  require  much  time,  trained  observers,  and  considerable 
apparatus.  To  secure  for  the  patients  the  benefits  in  the  way  of  diag- 
nosis, prognosis,  and  treatment  to  be  derived  from  these  methods  of 
examination,  a  hospital  should  be  supplied  with  the  requisite  facilities. 

A  hospital,  and  especially  one  connected  with  a  medical  school, 
should  serve  not  only  for  the  treatment  of  patients,  but  also  for  the 
promotion  of  knowledge.  Where  this  second  function  is  prominent, 
there  also  is  the  first  most  eflSciently  and  intelligently  carried  out. 
Herein  we  seethe  far-reaching  beneficence  of  a  laboratory,  such  as  this 
one,  thoroughly  equipped  to  investigate  the  many  problems  which 
relate  to  clinical  medicine. 

The  usefulness  of  an  investigating  laboratory  in  close  connection 
with  a  hospital  has  already  been  abundantly  demonstrated.  Chemical 
studies,  more  particularly  those  relating  to  metabolism  in  various  acute 
and  chronic  aflfections,  microscopical  and  chemical  investigations  of 
the  blood  and  bacteriological  examinations  of  material  derived  directly 
from  the  patient,  may  be  mentioned  as  directions  in  which  researches 
conducted  in  hospital  laboratories  have  yielded  important  results  and 
will  garner  still  richer  harvests  in  the  future. 

There  need  be  no  conflict  between  the  work  of  (clinical  laboratories 
and  that  of  the  various  other  medical  laboratories.  Each  has  its  own 
special  field,  but  it  is  not  necessary  or  desirable  to  draw  around  these 
fields  sharp  boundary  lines  beyond  which  there  shall  be  no  poaching. 
It  will  be  a  relief  to  pathological  and  other  laboratories  to  have  certain 
examinations  and  subjects  relating  directly  to  practical  medicine  con- 
signed to  the  clinical  laboratory,  where  they  can  receive  fuller  and 
more  satisfactory  consideration.  The  subject-matter  for  study  in  the 
clinical  laboratory  is  primarily  the  patient  and  material  derived  from 
the  patient.  Anatomical,  physiologicfil,  pathological,  pharmacolog- 
ical, and  hygienic  laboratories  must  concern  themselves  with  many 
problems  which  have  apparently  no  immediate  and  direct  bearing  upon 
practical  medicine.  In  the  long  run,  their  contributions  are  likely  to 
prove  most  beneficial  to  medicine  if  broad  biological  points  of  view, 
rather  than  immediate  practical  utility,  are  their  guiding  stars.  The 
clinical  laboratory  will  concern  itself  more  particularly  with  questions 
which  bear  directly  upon  the  diagnosis  and  the  treatment  of  disease. 

To  the  small  number  of  existing  well  equipped  clinical  laboratories 
the  William  Pepper  Laboratory  of  Clinical  Medicine  is  a  most  nota- 
ble addition.  It  is  the  first  laboratory  of  the  kind  provided  with  its 
own  building  and  amply  equipped  for  research  in  this  country,  and  it 
is  not  surpassed  m  these  respects  by  any  in  foreign  countries.  It  is 
intended  especially  for  investigation  and  the  training  of  advanced 
students.     It  is  a  most  worthy  memorial  of  the  father  of  its  founder. 

William  Pepper,  the  elder,  was  a  very  distinguished  physician  and 
trusted  consultant  of  this  city,  for  many  years  an  attending  physician 
at  the  Pennsylvania  Hospital,  where  he  was  a  clinical  teacher  of  great 
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iDfluence,  and  for  four  years  the  professor  of  the  theory  and  practice  of 
medicine  in  this  university.  He  belonged  to  that  remarkable  group 
of  American  physicians,  trained  under  Louis,  who  brought  to  this 
country  tlie  best  methods  and  traditions  of  the  French  school  of  medi- 
cine at  the  time  of  its  highest  glory.  His  diagnostic  powers  are  said 
to  have  been  remarkable.  With  his  broad  sympathies,  his  lofty  ideals, 
and  his  active  and  enlightened  eftbrts  for  the  promotion  of  clinical 
medicine,  how  he  would  have  welcomed  such  opi)ortunities  as  will  be 
alforded  by  this  laboratory  to  contribute  to  a  better  knowledge  of  the 
nature,  the  diagnosis,  and  the  treatment  of  disease. 

Our  country  has,  until  within  a  very  few  years,  been  deprived  of 
the  encouragement  and  opportunities  for  original  investigations  in  the 
medical  sciences  afforded  by  large  and  thoroughly  equipped  labora- 
tories. We  can  still  count  upon  the  fingers  of  one  hand  our  medical 
laboratories  which  are  comparable  in  their  construction,  organization, 
and  appliances  to  the  great  European  laboratories.  KotwithstandiDg 
these  obstacles,  there  have  been  American  physicians  of  whose  con- 
tributions to  medical  science  we  may  feel  proud. 

But  a  new  era  has  dawned.  Of  that  we  are  witnesses  here  to-day. 
The  value  of  medical  laboratories  is  now  widely  recognized  among  us. 
To  those  of  us  who  appreciate  the  underlying  currents  in  medicine, 
who  follow  with  eager  interest  the  results  of  the  almost  feverish  activi- 
ties in  foreign  laboratories,  who  recognize  the  profound  interest  and 
importance  of  the  many  medical  problems  which  await  only  patient 
investigation  and  suitable  facilities  for  their  solution,  and  who  would 
like  to  see  our  country  take  the  prominent  position  it  should  in  these 
investigations,  our  laboratories  may  seem  slow  in  coming,  but  they  will 
in  time  be  provided  by  enlighted  benevolence.  The  individual  or  insti- 
tution or  hospital  which  contributes  to  the  establishment  of  a  good 
laboratory  devoted  to  any  of  the  medical  sciences  merits  in  unusual 
degree  the  gratitude  of  all  medical  men;  yes,  of  every  true  friend  of 
humanity.  Such  gratitude  we  feel  for  the  generous  and  public-spirited 
founder  of  this  laboratory,  who  has  contributed  largely  to  the  advance- 
ment of  medicine  in  this  country,  and  of  whose  splendid  services  to 
this  university  I  need  not  speak  in  this  presence. 

I  congratulate  this  city  and  this  university  and  this  hospital  upon 
the  important  addition  made  by  this  laboratory  to  higher  medical  edu- 
cation and  the  opportunities  for  scientific  work  in  this  country.  May 
the  enlightened  aims  of  the  founder  and  the  hopes  of  all  interested  in 
the  promotion  of  medicine  in  this  country  be  fulfilled  by  the  scientific 
activities  which  will  now  begin  in  the  William  Pepper  Laboratory  of 
Clinical  Medicine. 


THE  YELLOW  EACES.^ 


l)y  Dr.  E.  T.  Hamy. 


Last  year's  course  was  mainly  devoted  to  the  study  of  that  large 
group  of  peoples  which  arc  collectively  known  by  the  name  of  Yellow 
liaces,  although  their  color  forms  a  chromatic  scale,  which  at  time?  is 
perceptibly  removed  from  what  is  properly  called  yellow.  This  group 
of  races,  this  main  stem  (trunk),  to  borrow  a  happy  expression  imported 
into  science  by  M.  do  Quatrefages,  is,  numerically  speaking,  the  most 
important  of  all  those  the  great  whole  of  which  might  be  considered 
as  the  human  forest.  In  -fact,  the  number  of  yellow  men  could  not, 
properly  si)eaking,  be  estimated  at  less  than  540,000,000;  this  is  more 
than  one-third  of  the  whole  number  of  mankind,^  and  I  ought  surely 
not  curtail  the  study  of  so  important  a  fraction  of  the  human  family, 
although  I  must  acknowledge  that  the  precise  facts  concerning  the 
yellow  races  are  as  yet  far  from  sufficient. 

With  a  very  few  exceptions,  our  anatomical  data  are  in  fact  only 
isolated  documents.  Our  numerical  observations,  our  special  photo- 
graphs, are  few  in  number,  and  the  conclusions  drawn  from  the 
examination  and  the  description  of  such  indifferent  materials  must 
consei{uently  be  looked  upon  as  eminently  provisional  only. 

Such  as  I  had  formulated  them  quite  recently,  I  have  been  compelled, 
after  many  fruitless  efforts,  to  present  them  to  you  once  more  in  this 
course  of  instruction,  where  one  after  the  other,  and  in  systematic 
order,  each  human  group  becomes  the  object  of  si)ecial  inquiry,  founded 
above  all  upon  scientific  investigation.  And  I  have  been  very  fortunate 
to  find  that,  on  the  whole,  my  conclusions  are  not  opposed  by  any 
opinion  maintained  elsewhere,  and  that,  making  full  allowance  for  out- 
ward appearances,  they  still  have  nothing  that  could  possibly  shock 
the  professional  Orientalists,  who  are  accustomed  to  use  for  the  most 
ordinary  purposes  only  linguistic  characters. 

The  first  observation  which  we  have  been  called  upon  to  make,  as  we 
enter  into  this  subject,  has  reference  to  the  relative  antiquity  of  the 


'  Opening  lecture  of  the  course  on  Anthropology,  held  at  the  Museum  on  March  23, 
1895.    Translated  from  L'Anthropologie,  1895,  Tome  VI,  No.  3. 

2H.  Wagner  and  A.  Supan  estimate  the  population  of  the  earth  at  about  1,480,- 
000,000.     (Die  Bevolkerung  der  Erde,  VIII,  Gotha,  1891,  4to,  p.  xi.) 
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yellow  races  in  a  widely  extended  area.  There  are  indeed  certain 
facts  which  justify  us  in  supposing  that  one  of  these  ancient,  but  now 
extinct  races,  knew  the  vanished  mammalia  of  the  valley  of  the  Ehone, 
and  that  other  old  Mongolians  lived  in  the  east  of  Europe  and  in  Upi>er 
Asia  at  a  certainly  less  remote,  but  still  very  ancient  epoch. 

Eestricted  from  the  beginning  to  a  rather  septentrional  habitat,  the 
yellow  2)eoples  remained  uuknown  to  the  ancient  Egyptians  until  the 
time  of  the  invasion  of  the  Shepherd  race,  certain  leaders  of  whom, 
depicted  on  the  monuments  of  San  or  the  Fayoum,  bear  truly  Mongo- 
lian features.  In  Mesopotamia  they  may  have  furnished  the  elements 
of  one  of  the  two  ethnical  groups  which  in  the  dawn  of  history  com- 
peted for  preeminence  under  the  names  of  Accad  and  Sumer,  Accad, 
whose  language  is  akin  to  the  so-called  Turanian  idioms,  ruled  at 
Babylon,  and  displays  on  the  few  monuments  on  which  its  image  is 
preserved  very  striking  features. 

The  Mongolian  features  continue  a  process  of  exaggeration  on  cer- 
tain more  recent  figures,  where  we  see,  as,  for  instance,  at  Behistun, 
among  the  prisoners  of  Darius,  genuine  Mongols  with  turned-up  noses, 
delicate  mustaches,  high  and  prominent  cheek  bones,  etc.  Still  other 
Mongolian  faces  are  represented  in  the  famolis  ruins  of  Sanchi(Malva), 
etc.  We  must,  nevertheless,  come  down  as  far  as  Attila's  inva^^ion 
to  collect  some  fragments  of  description,  in  which  the  Hun  may 
appear  with  increased  horror,  owing  to  the  fright  with  which  he  had 
filled  the  Christian  world.  Forma  brevi,  lato  pectore,  capite  graudi- 
ori,  minittis  ocuiis,  barba  rara,  simo  naso,  tetro  colore,  originis  sua? 
signa  restituens — thus  writes  Jordanes,  describing  Attila  himself. 

Many  other  historians,  both  Eastern  and  Western,  have  since  that 
time  depicted  the  immigrant  hordes  who  passed  through  the  breaches 
made  by  the  Huns  and  opened  for  themselves  a  road  to  the  very  he^rt 
of  the  Empire:  Avars,  Chazars,  Romans,  and  those  Hungarians 
and  Bulgarians,  the  fathers  of  the  ogres  of  our  legends,  the  bugaboos 
of  popular  speech.  None  of  these  portaits  is  more  striking  than  that 
which  is  inserted  by  Mathieu  Paris  in  his  Grande  Ohronique.  The 
clerk  Yvon,  of  Narbonne,  wrote  from  Neustadt,  in  1243,  to  Girauld, 
archbishop  of  Bordeaux,  to  inform  him  of  the  devastations  of  the 
barbarians,  and  thus  described  these  invaders,  who  became  ever  after 
known  under  the  name  of  Tartars : 

"Their  breast,"  he  says,  "is  solid  and  robust,  habent  autsni peciora 
dura  et  rohusta;  their  face  is  lean  and  imle,  fades  macros  et  paUidaa; 
their  shoulders  are  straight  and  high,  scapulas  rigidas  et  erectas;  a  short 
and  turned-up  nose,  nasos  disiortos  et  breves;  the  chin  is  prominent  aud 
pointed,  mentu  prominentia  et  acuta;  the  upper  jaw  is  low  and  deep, 
superior  em  mandibulum  humilem  et  profundtnn;  their  teeth  are  long  and 
few,  denies  longos  et  raros;  the  eyelids  hang  from  the  eyebrows  down 
to  the  nose,  palpebras  a  crinibus  usque  a4  nasum  protensas;  their  eyes 
are  mobile  and  black,  oculos  inconstantes  et  nigros;  their  look  is  a  side- 
way  and  fierce  look,  asjyectus  obliquos  et  torvos;  their  extremities  are  all 
bone  and  nerve,  extremitates  ossosas  et  nerrosas;  finally,  their  thighs 
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are  big,  but  the  legs  short;  in  stature,  however,  they  are  our  equals, 
for  what  may  be  wauting  in  the  legs  is  made  up  in  the  upper  part  of  the 
body,  crura  quoque  grossa^  sed  tibias  breviores^  statura  tamen  nobis 
wqunles;  quod  enim  in  tibiis  deficit  id  in  superiore  corpore  compensatur,^^^ 

This  portrait  of  the  Tartar,  drawn  by  Yvon,  of  Narbonne,  is  very 
remarkable  in  spite  of  its  exaggerations  and  mistakes. 

It  shows,  in  fact,  how  the  attention  of  the  observer  was  at  that 
time  called  to  some  of  the  principal  features  of  that  exceptional  mor- 
phology which  make  of  the  true  Mongol  one  of  the  fundamental 
anthroj)ological  types.  From  that  time  on  Europeans,  missionaries, 
merchants,  etc.,  who  shall  approach  the  mysterious  countries  of  the 
East  will  collect  impressions  less  and  less  limited,  less  and  less  vague. 
And  if  in  their  reports  they  still  continue  to  confound  in  one  and  the 
same  great  body  races  which  have  since  been  found  to  be  infinitely 
varied,  they  will  at  least  gradually  establish  a  kind  of  general  group- 
ing, a  first  essay  at  coordination,  which  later  on  will  lead  to  a  rational 
classification. 

Bernier  is  a  fair  representative  of  this  phase  of  Asiatic  studies  in 
his  famous  letter,  '^On  the  different  varieties  of  races  of  men,"  inserted 
iu  the  Journal  des  Savants  of  1684.  ''The  third  variety,"  he  says, 
after  having  spoken  of  the  whites  and  blacks,  ''  the  third  variety  com- 
prehends a  part  of  the  kingdoms  of  Arakan  and  of  Siam,  of  the  islands 
of  Sumatra  and  Borneo,  the  Philippines,  Japan,  the  Kingdom  of  Pegu, 
Tonquin,  China,  Cochinchina,  Tartary,  which  lies  between  China,  the 
Ganges  and  Moscovia,  Usbeg,  Turkistan,  Zaquetay,  a  part  of  Mosco- 
via,  the  Little  Tartars  and  the  Turkomans,  who  live  on  the  banks  of 
the  Euphrates  toward  Aleppo."  ''The  inhabitants  of  all  these  coun- 
tries," adds  the  illustrious  traveler,  "  are  really  whites,  but  they  have 
broad  shoulders,  flat  faces,  a  small,  crushed  nose,  small  pig  eyes,  long 
and  deep  sunk,  and  three  hairs  for  a  beard." 

This  third  variety  of  ihen  of  Bernier's  is  almost  exactly  the  yellow 
trunk  of  modern  anthropologists.  The  Americans  alone  are  wanting, 
because  Bernier  with  his  imperfect  knowledge  of  them  did  not  see  in 
them  a  sufficiently  great  difference  to  warrant  making  of  them  a 
special  variety  that  would  differ  from  ours.  Mongols  and  Turks,  Indo- 
Chinese,  Japanese,  and  Malays  are  here  all  of  them  put  into  one  and 
the  same  mold,  which  is  to  be  broken  up  only  much  later  by  ethnolo- 
gists, linguists,  and  anthropologists. 

'The  names  of  Pallas,  Castrero,  Baiir,  and  many  others  recall  the  vig- 
orous efforts  made  for  more  than  a  century  now  to  introduce  a  little 
order  into  Mongolic  studies.  The  linguists  insist  upon  it  that  we  should 
not  mix  up  in  one  and  the  same  great  whole  people  who  speak  mono- 
syllabic languages  and  others  who  use  the  agglutinative  system.  The 
ethnologists  also  find  it  easy  to  show  clearly  the  profound  divergences 
which  result  from  entirely  different  social  systems,  as  from  entirely 

'  Matha;!  PariBiensis,  raonacbi  Saucti  Albaui,  Chronica  major,  edit,  by  K.  Luard, 
Vol.  IV,  1877,  in  8vo. 


508  THE   YELLOW    RACES. 

diftercDt  moral  codes.  The  anthropologists  finally  claim  the  great  impor- 
tance of  physical  characteristics  which  are  now  studied  for  this  purpose, 
with  the  aid  of  exact  instruments,  applied  to  living  subjects  as  well  as 
to  skeletons.  And  from  the  coordination  of  all  these  combined  studies 
there  results  a  classification,  which  no  doubt  will  yet  have  to  undergo 
important  changes,  but  which  already,  and  however  insufficient  it  may 
remain  as  yet,  may  give  to  instruction  on  this  subject  the  frame  work, 
so  to  say,  which  it  needs,  even  though  it  be  only  provisional. 

It  is  no  longer  sufficient,  in  fact,  as  it  was  for  Buffon,  to  cominle  the 
reports  of  travelers  and  to  put  them  side  by  side  in  geographical  onler. 
Now,  those  descriptions  which  have  become  more  accurate  and  more 
scientific  must  be  presented  in  the  most  logical  connection  that  is  pos 
sible,  and  the  characteristic  features  must  appear  subordinated  in  natu- 
ral succession.  It  is  only  by  applying  these  principles  that  we  have 
succeeded  in  combining  a  classification  which,  before  going  any  further, 
we  deem  it  projier  to  present  here  in  a  summary  arrangement. 

Let  us  first  of  all  recall  the  fact  that  we  began  by  putting  aside  pro- 
visionally the  American  and  the  Malayan  races,  for  a  complete  study 
of  which  this  year's  course  will  hardly  suffice.  Having  thus  gained 
more  space  for  our  puri)08es,  we  have  set  aside  eight  fairly  kindred  sub 
jects,  which  are  more  or  less  voluminous,  more  or  less  ramified,  which 
we  will  for  the  present  mention  by  the  names  of  Mongol,  Turk,  Indo- 
Mongol,  Aleut,  Tungus,  Aino,  Chinese,  and  Eskimauan. 

The  first  is  the  i)roperly  so-called  MongoHan  branch,  which  has 
occasionally,  by  a  mistake,  given  its  name  to  the  whole  family,  and 
which,  on  account  of  the  exaggerations  of  all  kinds  that  flourish  con- 
cerning the  subdivisions  of  which  it  consists,  well  deserves  to  occupy 
the  first  place  at  the  head  of  our  group.  The  word  which  designates  it 
(Mongkou),  and  which  means  brave,  bold,  generous,  is,  however,  the 
name  of  that  fraction  of  the  Chi-hou^i  to  which  Gengis  Khan  belonged, 
which  sufficiently  explains  the  part  that  such  a  name  has  played  and 
still  plays  in  the  nomenclature  of  races. 

The  Mongolians  constitute  a  mass  of  2,000,000  to  3,000,000  souls 
almost  all  of  whom  dwell  between  Siberia  and  China,  Manchuria  and 
Turkestan ;  they  are  actually  subdivived  into  Eastern  Mongolians,  the 
most  numerous  of  Avhom,  the  Khalkas,  are  sometimes  called  Exterior 
Mongolians  (the  Interior  Mongolians  form  the  tribes  Chakhan,  Ourote, 
Ordo,  etc.);  Western  Mongolians,  called  Kalmuks  by  the  Turks,  and 
subdivided  into  Songares  or  Tchoroses,  Derbethes,  Torgotes  or  Tar- 
goutes,  and  Khochotes  or  Khochooutes  of  the  Ala-Chan,  and  finidly 
Bouriats,  sometimes  called  Northeastern  Mongolians. 

To  whichever  group  they  may  belong,  these  Mongolians  are,  as  I 
have  said  before,  the  most  marked  of  all  yellow  men;  they  exaggerate 
all  their  characteristic  features  to  such  a  degree  that  in  endeavoring 
to  sketch  the  points  that  specially  distinguish  them,  we  have  been 
able  to  form,  as  it  were,  a  kind  of  large  canvass,  on  which,  afterwards, 
all  our  other  Asiatic  designs  could  be  fitted,  one  after  the  other. 
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We  have  at  the  very  first  microscopically  examiued  their  hair,  the  most 
liotrichiau  that  can  be  found,  circular  ia  form,  at  the  same  time  very 
coarse,  very  black,  very  stift',  and  very  hard.  We  have  analyzed  the 
elements  of  that  only  slightly  pigmented  skin  in  its  shades  varying  from 
citrine  white  to  yellowish  or  reddish  brown.  We  have  next  tried  to 
explain  to  ourselves  the  morphology  of  those  so-called  bridled  eyelids 
which  are  so  characteristic  of  the  race,  and  we  have  found,  with  Siebold, 
that  they  owe  their  peculiar  aspect  to  a  cutaneous  fold  which  masks 
the  corner  of  the  eye  until  it  makes  the  lacrymal  caruncle  invisible  and 
covers  the  inner  third  of  the  tarsus  cartilage,  an€l  to  a  thickening  of 
the  same  cartilage  under  the  upper  eyelid,  which  covers  and  half  hides 
the  lashes.  The  opening  of  an  eye  thus  "  bridled"  is  curtailed,  trian- 
gular, and  often  even  oblique.  We  have  found  that  these  peculiar 
appearances  of  the  Mongolian  eye  are  independent  of  the  facial  skele- 
ton, since  there  are  in  existence  very  many  Asiatic  subjects — I  have 
exhibited  several  to  you — in  whom  a  nose  of  very  great  elevation  and 
cheek  bones  very  closely  resembling  our  own  may  coexist  with  the 
most  strikingly  deformed  eyes  that  could  possibly  be  found  in  Mongo- 
lian countries. 

The  study  of  the  skeleton  has  shown  us  that  the  Mongolian  skull  is 
hyperbrachycephalous;  its  cephalic  index  exceeds  87;  it  is  a  genuine 
Mongolian  skull,  which,  for  the  present,  rei)resents  the  extreme  limit  of 
bnichycephalism,  free  from  deformity,  with  the  index  98,21  (Huxley). 
Shortened,  enlarged,  and  at  the  same  time  elliptical,  it  is  perceptibly 
less  high  than  broad,  and  well  deserves  the  name  of  platy  brachycepha- 
loas,  which  I  have  recently  bestowed  upon  it.^  The  face  is  in  perfect 
harmony  with  this  low  skull,  expanded  transversely;  it  looks  like  a 
more  or  less  shortened  lozenge.  The  external  orbital  apophyses,  long 
and  divergent,  form  a  connection  with  cheek  bones  of  coarse  nature, 
with  angular  cheeks  pressed  back  on  the  outside  by  upper  maxillaries 
of  an  exaggerated  size.  Turned  down,  forward  and  outward,  these  cheek 
bones,  at  the  same  time  that  they  bend  in  a  right  angle  upon  their 
upper  and  inner  edge  so  as  to  give  to  the  orbit  its  remarkable  breadth, 
overreach  below  in  a  characteristic  projection  on  which  Pruner-Bey 
has  often  very  justly  insisted.  This  is  what  he  called  the  daylight  orbit 
(orbite  ^  jour);  a  part  of  the  orbitary  edge  becomes  really  visible  in 
the  vertical  direction.  The  Mongolian  skull  is,  moreover,  generally 
phcenozygons;  in  other  words,  seen  from  above  it  shows  its  zygomatic 
arch  more  or  less  removed  and  convex.  The  maxillaries,  which  are 
transversely  flattened,  become  rather  hollow  at  a  level  with  the  canine 
cavities  and  afterwards  develop  largely,  both  transversely  and  upward. 
The  nasal  orifice,  which  they  surround,  is  quite  large,  but  at  the  same 
time  very  much  elongated,  and  the  indication  which  a  comparison  of 
these  two  dimensions  gives  is  platyrrhinian.  The  bones  of  the  nose, 
properly  speaking,  rise  in  a  prominent  ridge,  and  thus  trace  in  the  very 
center  of  the  facial  lozenge  a  quite  characteristic  relievo. 


^  Crania  Ethnica,  p.  402  and  foil. 
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The  dental  arch  is  hardly  prognathous,  below  the  nasal  ai)ertuTe, 
to  which  it  frequently  adheres  in  an  oblique  slope  which  dispenses  with 
the  sharp  edge  of  the  prenasal  vestibule.  This  arch  is,  however,  large, 
short,  almost  semicircular,  and  is  armed  with  teeth  which  present 
nothing  remarkable,  neither  as  to  size  nor  as  to  shape. 

The  rather  low,  very  powerful  mandible  is  remarkable  for  the  angular 
aspect  of  its  symphysis,  and  of  its  i)osterior  angles,  which  are  promi- 
nent, often  extroversated,  and  which  extend  on  either  side  in  a  kind  of 
voluminous  heel. 

To  assist  me  in  this  description,  I  have  placed  before  you  some  very 
striking  specimens  recently  brought  home  from  Mongolia  by  Dr. 
Ernest  Martin,  and  by  placing  by  the  side  of  these  skulls  from  Eul 
She  Sou  Go,  some  Turkish,  Annamite,  Chinese  skulls,  and  others,  I 
have  given  you  from  the  beginning  of  my  demonstration  a  very  pre- 
cise impression  of  the  large  polymorphism  of  these  races,  which,  though 
so  varied  among  themselves,  are  habitually  confounded  in  a  veritable 
amalgam. 

All  the  other  characteristic  features  peculiar  to  the  Mongolians  have 
been  examined  with  the  same  attention  as  the  anatomical  features.  In 
this  summary  I  shall  not  return  to  what  I  have  told  you  at  that  timeof 
their  int^ollectual  and  moral  nor  of  their  social  and  religious  peculiar- 
ities. Availing  myself  of  the  descriptions  given  by  the  beat  indorsed 
writers,  I  have  endeavored  to  show  you  the  most  perfect  picture  of  the 
life  on  the  steppes,  and  certain  photographs,  with  a  visit  to  theGniniet 
Museum,  have  fortunately  come  to  the  assistance  of  my  very  unsatis- 
factory descriptions. 

Wliat  I  have  thus  done  for  the  true  Mongolians,  I  have  next  done  for 
the  Kalmuks,  assisted  by  a  good  monograph  by  M.  Deniker  for  the 
Bouriats,  with  the  aid  of  divers  documents  collected  by  Messrs. 
Malieff  and  Bogdanoff,  and  we  have  thus  been  enabled  to  rei'ognize 
how  this  last  race  of  men,  who  of  all  Mongolians  assimilated  most 
easily,  have  in  our  day  most  essentially  changed  in  consequence  of 
their  repeated  alliances  with  their  masters,  our  friends  the  Eussiana 

The  second  branch  which  we  had  to  examine  was  that  of  the  Old 
Turks,  very  much  nearer  to  the  source  from  which  the  Mongolians 
sprang  than  they  have  remained  since,  but  one  branch  of  whom,  sep- 
arated from  the  others  by  the  great  invasions  toward  the  close  of  the 
Middle  Ages,  has  in  part  preserved  their  archaic  aspect.  These  North- 
ern Turks  are  the  Yakuts,  permanently  settled  to  the  number  of 
200,000  souls,  as  this  map  shows,  on  the  banks  of  the  lower  Lena,  and 
they  show  us  in  several  tribes,  especially  in  those  called  Utsha,  Cheta, 
etc.,  to  judge  by  MiddendorPs  arguments,  very  striking  Mongolian 
affinities. 

The  other  Turks  (perhaps  20,000,000  souls),  those  whom  we  call  Turko- 
mans in  our  works  on  history,  and  whose  daring  invasions  into  Europe 
and  into  Africa  have  wondrously  enlarged  their  original  domain,  are 
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much  more  mixed,  and  it  is  only  from  the  countries  whence  they  drew 
their  historic  origin  that  we  can  learu  something  of  their  character. 
With  Baron  de  Bode  and  Colonel  Duhousset  we  have  visited  them  soath 
of  the  Caspian  Sea,  under  the  name  of  Yamouds,  Goklanes,  etc.,  in  the 
Caucasas  under  the  name  of  Abreks,  and  we  have  been  able  to  ascer- 
tain that  the  few  practical  observations  made  among  these  tribes 
coincide  very  exactly  with  those  suggested  by  the  Yakuts,  their  north- 
ern near  relatives.  In  examining  the  skulls  of  the  Turkomans,  it 
becomes,  however,  necessary  to  bear  in  mind  that  certain  of  their  tribes, 
and  especially  the  Kurds  and  the  Bakhtyaris  have  a  peculiar  custom; 
they  deform  the  head  by  exaggerating  the  parietooccipital  flattening 
which  is  common  to  all  Turks,  a  kind  of  natural  curtailment,  which 
almost  constantly  presses  the  top  of  the  skull  into  a  point  behind. 

This  very  habitual  and  very  visible  distinctive  feature  at  once  enables 
us  to  establish  between  the  Turks  and  the  Mongolians  an  immediately 
perceptible  diflference.  There  exists  a  second  that  is  still  more  striking, 
and  which,  combined  with  the  first,  gives  to  the  skull  capsule  of  the 
Turk,  whether  he  be  a  Yakut  or  a  Turkoman,  a  cuboid  aspect.  This  is 
the  tendency  of  the  head  to  develop  upward,  consequently  just  in  the 
opposite  sense  to  the  vertical  flattening  of  the  Mongolian. 

The  Turk's  head  is,  therefore,  both  taller  and  shorter;  it  is  also  a 
little  less  large  in  proportion,  and  the  cephalic  index  is  only  subbrachy- 
cephalous.  The  face,  adapting  itself  as  is  natural  to  the  skull,  which 
is  thus  slightly  curtailed,  is  less  open;  on  the  other  hand,  the  nasal 
skeleton  is  even  more  pronounced  in  the  Turk  than  in  the  Mongolian, 
and  you  have  been  able  to  notice  in  some  Ansariehs,  for  example,  truly 
amazing  instances  of  large  noses. 

Before  leaving  the  Turkish  branch,  we  had  to  examine  long  lines  of 
types  lying  intermediate  between  the  Turks  and  the  Mongolians,  such 
as  the  Uzbeks,  the  Kirghiz,  the  Bashkirs,  the  Nogais;  between  the 
Turks  and  the  Finns,  such  as  those  extremely  mixed  subjects  of  the  gov- 
ernments of  eastern  Russia,  whom  the  reports  of  travelers  erroneously 
designate  withoutdistinction  as  Tartars;  Anally,  between  the  Turks  and 
the  Caucasians,  the  Slavs,  the  Greeks,  even  the  Arabs,  the  Osmanlis  of 
Constantinople,  Kourouglis  of  Algiers,  etc.  We  proceeded  from  one 
race  to  the  other  by  insensible  transitions,  and  we  were  thus  able  to 
appreciate  the  extreme  difficulty  which  continually  confronts  us  in  sepa- 
rating scientifically  the  yellow  men  from  the  white  men.  We  should 
meet  with  the  same  embarrassment  if  we  went  farther  north  in  the  course 
of  similar  inquiries.  The  lowlands  of  western  Siberia  are  in  the  higher 
northern  latitudes  overrun  by  races  like  the  Samoyedes,  Kanirs,  and 
others,  among  whom  the  individual  varieties  are  really  very  extensive, 
and  lead,  almost  without  a  break,  from  the  Mongolian  to  the  Lapp. 
Elsewhere  in  the  same  zones  intermediate  types  produce  other  almost 
imperceptible  transitions  from  the  Lapp  to  the  Finn,  and  from  the  Finn 
to  the  Slav.    We  are  thus  able  to  establish  unbroken  lines  of  observation 
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between  the  most  exaggerated  of  the  yellow  men  and  certain  unmis- 
takable white  men.  It  is  these  transitional  x)opulations,  if  I  may  call 
them  so,  which  Prichard,  in  his  desire  to  designate  them  by  a  single 
collective  name  foreign  to  that  great  western  body  which  he  calls 
Indo-European,  had  proposed  "for  the  present"  to  call  Allophyhaii 
races.  Thus  he  would  have  fused  together,  under  a  perfectly  vague 
appelUition,  groups  as  thoroughly  distinct,  for  example,  as  the  Basqne, 
the  Finns,  the  Tschudes,  the  Ugrians,  the  Samoyedes,  the  Ostiaks,  and 
all  tliose  East  Siberians  collectively  known  under  the  name  of  Para 
lians,  etc.,  a  kind  of  enormous  rising  eu  masse  of  the  incerti>  sedis 
of  the  Old  World  ethnology.  These  AUophylians  of  Prichard,  however 
provisionally  only  the  famous  author  of  the  Physical  History  of  Mankind 
may  have  wished  to  introduce  them,  have  not  yet  entirely  disappeared 
from  the  language  of  anthropology.  Some  special  writers  have  retained 
them  faithfully.  It  can,  however,  easily  be  seen  that  they  are  losing 
ground  every  day,  and  in  some  of  last  year's  lectures  you  may  have 
noticed  that  careful  studies  methodically  pursued  have  x>erceptibly 
diminished  the  geographical  area  of  populations  which  till  then  had 
been  relegated  into  the  caput  mortuum  of  ethnological  analysis,  becaase 
they  were  not  known  at  all  or  only  very  vaguely  known. 

But  let  us  return  to  the  series  already  classified,  and  having  got  rid 
of  Mongolians  and  Turks,  let  us  pass  on  to  the  races  of  the  Himalaya, 
their  southern  and  southeastern  neighbors,  grouped  by  Prichard  under 
the  name  of  Indo-Tartars,  and  whom,  on  account  of  their  geographical 
position  and  of  their  affinities,  we  think  it  would  be  more  proper  to 
call  In  do-Mongolians. 

As  far  as  scattered  and  incomplete  observations  will  x>6rmit  us  to 
judge,  these  people  are  in  almost  every  aspect  intermediate  between 
Turko-Mongolians  and  Indo-Chinese.  In  Tibet,  where  they  call  them- 
selves Bhot,  they  show  themselves  to  be  near  akin  to  the  Mongolians, 
with  their  high  cheek  bones,  ** bridled''  eyes,  and  straight  noses,  which 
are  sometimes  even  convex,  and  in  certain  individuals  sufficiently 
developed  to  remind  us  of  the  redskins  of  the  prairies  of  the  Amer- 
ican Plains  of  the  Great  West.  Their  skull  is  subbrachycephalous. 
This  type,  very  sharply  marked  on  the  high  table-lands,  gradually 
becomes  less  decided  as  we  descend  into  the  lowlands.  The  crossings, 
which  gradually  absorb  it,  are,  moreover,  of  a  greatly  mixed  nature, 
borrowing  here  even  from  a  more  or  less  white  rax^e,  and  there  from 
Dravidians  or  Kolarians.  In  Assam,  especially,  our  Indo- Mongolians 
have  contracted  alliances  with  certain  tribes  of  mountaineers,  of  whom 
we  shall  have  to  say  more  after  the  first  lectures  of  this  year's  course- 
men  who  are  very  marked  representatives  of  the  Indonesian  element, 
and  who  will  furnish  the  subject  of  our  first  studies  in  the  ethnology 
of  the  Malayan  races. 

In  Indo-China,  as  at  the  foot  of  the  Himalaya,  there  are  here  and 
there  in  the  most  elevated  parts  of  the  country  small  agglomerations  of 
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evidently  Indonesian  origin.  There  are  here  also,  but  in  vastly  larger 
numbers  in  Cambodia  and  the  Tsiampa,  descendants  of  ancient  Hindoo 
immigrants.  Finally,  there  exist,  especially  in  the  south,  a  few  small 
tribes  of  Negritos. 

All  the  remaining  population,  Birmans,  Thais  or  Siamese,  Annamites, 
is  bound  up  with  that  of  Upper  Asia,  of  which  we  have  spoken  before, 
so  that  they  all  form  a  tolerably  homogeneous  totality,  which  approaches 
the  Tibetan  very  nearly.  This  Indo-Chinese  type,  subbrachycepha 
lous  like  the  Tibetan,  is  subdivided  into  Burmah  or  Birman,  Thai,  and 
Annamite.  We  have  studied  these  three  groups,  one  after  the  other, 
and  we  have  followed  their  progress  downward  from  the  mountains  to 
the  deltas  of  the  rivers,  the  basins  of  which  they  now  occupy.  A 
primitive,  fairly  homogeneous  population,  of  which  we  shall  have  to 
speak  again  presently,  at  first  occupied  these  lowlands;  these  people 
had,  however,  to  give  up  the  parts  adjoining  the  great  water  courses 
to  invaders  of  a  different  origin,  who  have  gradually  reached  the 
south. 

Some  of  these  imported  into  the  Eastern  Peninsula  elements  of  a 
civilization  which  was  evidently  borrowed  from  India.  I  have  endc»av- 
ored  to  present  to  you  as  complete  a  history  of  it  as  was  possible,  and 
we  have  studied  together  with  the  greatest  carefulness  the  admirable 
monuments  of  their  power  and  their  art  which  they  have  left  us  in 
Cambodia  and  the  Tsiampa.  Others  were  those  Burmans,  those  Thais, 
(Siamese,  Laotians),  those  Annamites,  whose  fierce  conflicts  with 
Tsiampa  and  Cambodia  we  have  followed  from  the  beginning  of  this 
bloody  quarrel  to  the  French  occupation,  which  has  saved  the  last 
remnant  of  the  Khmer  people  from  utter  destruction.  I  paid  si)ecial 
attention  to  the  study  of  those  ethnical  elements  that  are  peculiar  to 
the  lands  which  we  possess  in  the  extreme  East;  and  the  examination 
of  the  characteristic  features  of  all  kinds,  which  are  noticed  among  the 
former  and  the  present  inhabitants  of  the  lowlands  of  the  Me-Kong 
and  the  SongKoi,  has  detained  us  a  long  time.  I  was  specially  inter- 
ested in  proving  their  perfect  ethnical  independence,  as  far  as  their  north- 
em  neighbors,  the  Chinese,  are  concerned,  although  they  were  their 
masters  long  enough  to  impose  upon  them  their  mode  of  writing,  their 
system  of  mandarins  and  many  other  things,  but  whose  supremacy  has 
never  succeeded  in  altering,  in  any  way  whatever,  the  ethnical  charac- 
teristics of  their  subjects.  The  Annamites,  who  have  been  thoroughly 
studied,  as  a  race,  in  French  Cochin  China  and  Tonqnin,  have  undergone 
no  external  modifications  that  could  be  ascribed  to  these  intermarriages. 
To  say  the  most,  there  have  been  found  among  the  Tonquin  people 
some  taller  and  mesaticephalous  people,  a  fact  which  has  been  ascribed 
to  the  intervention  of  Hos,  immigrants  from  China,  who  were  taller 
in  size  and  longer  of  skull.  In  the  Eastern  Peninsula,  as  everywhere 
else,  the  Chinese  who  marries  a  native  woman  finds  that  the  offspring 
of  this  union,  Minh-Huong,  reproduces  the  features  of  the  mother.  At 
SM  95 33 
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Saigon,  as  at  Batavia,  Manila,  etc.,  grandcbildren  retain  next  to  no 
mark  of  their  grandfathers. 

In  the  pursuance  of  our  investigations,  and  while  ^getting  gradually 
farther  and  farther  away  from  the  initial  Mongolian  tyj)e,  we  have 
examined  in  its  minutest  details  the  Indo  Chinese  or  Trans-Gangetic 
branch;  then  we  have  analyzed  two  other  groups  of  races,  of  far  less 
importance,  and  which,  before  my  own  researches,  had  never  been 
thought  of  as  constituting  small  ethnical  groups  of  their  own. 

The  first  of  these  small  branches,  broken  oli*,  if  we  may  say  so,  from 
Prichard's  allophylous  bush,  comprehends  the  majority  of  the  popu- 
lations of  the  northeastern  coasts  from  the  Sea  of  Okhotsk  to  the  i)enin- 
sula  of  Alaska,  Koriaks,  Kamchadals,  Chukluks,  Chukchis  on  the 
shores  of  Asia,  Aleuts,  or  Ununguns  in  America,  on  the  islands  and 
at  the  point  of  the  peninsula,  which  constitute  this  ethnical  group 
of  25,000  men  at  best,  imperfectly  bounded  no  doubt,  esj^ecially  east- 
ward, but  existing  beyond  all  doubt.  It  is  interesting  to  ascertain  that 
the  geographical  area  of  this  group,  which  until  now  has  had  no  name 
of  its  own,  exceeds  tlie  size  of  the  Continent  of  Asia  and  very  evidently 
encroaches  upon  the  New  World.  We  shall  later  on  meet  with  other 
similar  facts,  which,  we  are  convinced,  will  not  fail  to  throw  a  certain 
light  upon  the  fact  that  the  majority  of  the  tribes  of  the  New  Conti- 
nent owe  their  origin  to  Asiatic  ancestors. 

However  this  may  be,  we  place  systematically  after  the  Tibetans 
and  the  Indo-Chinese,  who  are  subbrachycephalous,  the  Chukluks, 
whose  average  indication,  79,9,  stands  at  the  extreme  limit  of  mesati- 
cephally,  and  not  far  from  them,  the  Tungus-Manchu  (300,(KK)  indi 
viduals),  another  breaking  up  of  Prichard's  "  AUophylians,''  with  their 
clearly  mesaticephalous  skull,  which  is  at  the  same  time  excessively 
flattened.  Tins  is,  I  repeat,  an  entirely  systematic  process;  we  shall 
be  justified  in  pm^suing  it,  since  it  has  enabled  us  to  avail  ourselves  of 
the  only  characteristic  features  which  are  known  with  tolerable  accu- 
racy, the  anatomical  features.  For  they  alone  permit  us,  thanks  to 
their  clearly  pronounced  nature,  to  form  a  small,  quite  solid  group, 
which  may  later  on  serve  as  a  starting  point  for  new  eftbrts  at  chissiti- 
cation.  The  whole  of  this  remotest  Siberia,  the  whole  of  this  grand 
northern  China,  are  territories  overrun  by  small  agglomerations  of 
Nomads,  which  are  usually  only  known  by  a  few,  rare  photographs 
and  a  few  tools  seen  here  and  there  in  collections.  There  are  certainly 
among  them  some  who,  according  to  Pruner-Bey's  expression,  establish 
a  connection  with  the  boreal  American.  The  Ghiliak  of  the  Trans- 
Amour  api)ears  thus  like  a  kind  of  intermediary  between  the  Tuiigns 
and  Inuit  or  Eskimo. 

This  last  group,  which  contains  27,000  to  28,000  individuals,  consti 
tutes  an  ethnical   whole  of  its  own,  relatively  quite  homogeneous, 
which  once  more  presents  to  us  the  sight  of  a  race  having  one  end  of 
its  habitat  in  Asia,  but  having  slowly  reached,  all  along  the  boreal 
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ocean,  the  extreme  uortheastern  part  of  the  New  World,  Greenland,  at 
the  very  time  when  it  sent  forth  its  most  advanced  tribes  to  reach  the 
Falls  of  Niagara,  thongh  without  going  beyond  them.  I  have  here  only 
brietiy  indicated  the  most  essential  features  in  the  history  of  these 
Hyperboreans.  It  seemed  to  me  more  convenient  to  give  you  a  detailed 
account  of  these  various  groups  when  I  should  i^resont  you  tlie  other 
natives  of  the  far  north  of  America.  I  do  not,  on  that  account,  attach 
less  importance  to  the  ideas  w  hich  I  have  always  maintained  as  to  the 
position  which  ought  to  be  assigned  to  the  Eskimos  at  one  end  of  the 
line,  of  which  the  Mongolians  occupy  the  other  end.  They  are  the  true 
dolichocephalous  members  of  Mongolism,  as  I  shall  show  you  in  a  few 
days.  In  the  order  of  campaign  which  we  have  adopted  they  are  tsepa- 
rated  from  the  Aleuts,  with  whom  quite  recently  M.  Virchow  confounded 
them,  by  the  Tungus-Manchu,  whom  we  have  just  slightly  reviewed, 
and  by  the  Chinese,  whom  we  shall  yet  have  to  investigate  rapidly,  so 
as  to  make  an  end  of  our  studies  as  far  as  this  whole  great  yellow  host 
is  concerned. 

The  Cliinese,  who  are  the  most  numerous  of  all  yellow  races  (the 
least  exaggerated  numbers  still  give  to  China  a  population  of  more 
than  30(),000,0(K)),  difi'er  decidedly  from  all  the  other  Asiatics  whose 
essential  features  I  have  recalled  before.  Their  hair,  their  complexion, 
their  eyes,  it  is  true,  do  not  present  any  very  decided  peculiarity,  but 
the  bones  of  the  skull  and  of  the  face  offer  forms  and  proportions 
which  are  not  met  with  outside  of  what  might  be  called  the  zone  of 
Chinese  intiuence. 

Von  Bai'r,  who  was  the  first  to  call  attention  to  this  special  morphol- 
ogy of  the  Chinese  head,  expressed  himself  in  a  very  picturesque 
manner  when  he  tried  to  describe  it.  He  had  spoken  of  Buriat  and 
Kalmuck  skulls.  *^Imagine,''  he  added,  ^'you  had  the  mold  of  a  Kal 
muck  skull,  made  of  some  elastic  material,  such  as  gutta  percha,  and 
you  were  to  compress  with  both  hands  the  two  sides  of  the  top  so  as  to 
make  the  brow  rise  and  the  t<jp  of  the  he^id  and  the  occiput  to  stand 
out  more  boldly;  compress  then,''  he  added,  ''the  zygomatic  arches  so 
as  to  make  them  narrower  and  so  as  to  cause  the  jugal  bones,  and  espe- 
cially the  maxillaries,  to  appear  in  profile  toward  the  front,  and  you  will 
have  the  Chinese  type.'' 

The  skull  of  the  Chinese  is,  in  fact,  both  longer  and  higher  in  pro- 
portion than  those  of  all  other  yellow  men.  His  cephalic  index  falls 
down  to  subdolichocephalism  (the  average  indication  of  142  skulls  of 
the  two  8exes=77.24)  and  its  heiglit  slightly  exceeds  its  width.  The 
face,  harmonizing  completely  with  the  skull,  is  always  of  medium  dila- 
tiition,  with  high  and  prominent  clieck  bones,  and  jaws  which  protrude 
in  narrow  and  lengthened  prognathism. 

All  true  Chinese,  whatever  their  origin  may  be,  maintain  more  or 
less  strictly  the  osteological  type  that  I  have  here  defined.  No  doubt 
the  external  features  vary  at  times,  vary  very  greatly,  indeed;  the 
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complexion,  for  instance,  which  at  the  north  is  white  with  a  tinge  of 
citrine,  may  at  Canton  darken  to  a  deep  brown;  the  almost  horizoulal 
eye  may  change  into  one  more  or  less  oblique;  the  nose  may  become 
flatter  or  be  raised  higher;  the  face  may  change  to  one  more  ample  and 
more  massive;  the  figure,  the  corpulency  may  undergo  serious  changes. 
But  beneath  all  these  external  variations  the  osteological  type  always 
continues  most  tenaciously,  and  the  anthropologist  may  ascertain  that 
the  collections  of  heads  preserved  in  France,  in  England,  in  Holland, 
or  elsewhere,  give  the  same  measurements  with  unfailing  constancy. 

The  morphological  changes  are,  therefore,  all  on  the  surface,  and  the 
absolute  uniformity  of  the  skeleton  is  complemented  by  a  correspond- 
ing identity  of  costume,  manner  of  walking,  etc.  This  vast  nation,  the 
first  in  the  world  in  point  of  numbers,  is  almost  entirely  subject  to 
common  usages  and  identical  manners.  The  queue,  which  the  con- 
quering Tartars  compelled  tbem  to  wear  in  the  seventeenth  century, 
dangles  now  on  the  back  of  all  Celestials,  and  the  long  nails,  protected 
by  metal  sheaths,  are  at  the  south  as  at  the  north  symbols  of  idleness 
and  wealth.  On  the  other  hand,  the  custom  of  deforming  women^s 
feet,  so  characteristic  in  central  China,  has  never  been  adopted  by 
('hinese  women  in  the  south,  and  the  wives  of  Manchus,  the  princesses 
of  the  now  reigning  Imperial  family  especially,  have  feet  like  everyone 
else. 

We  have  given  very  special  attention  to  these  various  ethnographic 
peculiarities  and  we  have  left  the  Chinese  only  after  having  summed 
up  as  exactly  as  it  could  be  done  all  that  can  aid  us  in  improving  our 
knowledge  of  this  people,  of  their  intellectual  manifestations  as  well 
as  of  their  i)hysical  appearance. 

1  have  taken  especial  pains  to  trace  the  history  of  their  legendary 
migrations,  starting  from  the  northwest,  and  to  show  you  how  the 
first  oecui)auts  of  the  lowlands  near  the  great  streams  of  the  east  were 
driven  back,  step  by  step,  toward  the  mountain  regions  of  the  south 
and  southwest,  where  we  sliall  meet  them  again  under  the  name  of 
Lolos,  of  Miao-tse,  etc.,  in  our  search  for  the  cradle  of  the  IndonesiaD 
tribes. 

I  have  as  yet  said  nothing  of  Korea,  which  was  so  long  looked  u])on 
as  a  simple  annex  of  China;  nor  of  Japan,  Avhich  ethnologists  quite 
recently  considered  only  another  Cochin  China. 

The  Koreans  and  the  Japanese  belong  without  contradiction,  at  least 
up  to  a  certain  point,  to  the  great  mass  of  peoples  of  the  yellow  race. 
The  Koreans,  whom  I  have  shown  you  in  photographs,  used  so  greatly 
to  resemble  Tibetans,  that  they  were  often  mistaken  the  one  for  the 
other;  but  there  are  others  who  make  the  impression  as  if  they  were 
the  offspring  of  intermarriages,  and  more  than  one  modern  traveler, 
unable  to  explain  some  national  variations  that  might  be  called  out  of 
order,  has  brought  in  the  most  unexpected  elements  to  account  for 
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these  strange  mixtures,  from  the  Aleutian  (Chaill6-Long-Bey)  to  the 
Turk  himself  ( Varat). 

As  to  the  Japanese,  the  immense  anthropological  collection  (54  skele- 
tons, 403  skulls,  27  pelves,  etc.),  sent  to  the  Museum  by  M.  Steenackers, 
shows  the  superabundant  multiplicity  of  their  various  sources.  It  can 
hereafter  no  longer  be  doubted  that  the  population  of  the  Archipelago 
of  the  Bising  Sun  is  connected  by  bonds  of  kinship  with  its  neighbors 
on  the  Yellow  Continent.  But  it  is  also  becoming  more  and  more  cer- 
tain, that  some  southern  elements  have  played  a  very  important  part 
in  their  history  as  a  nation.  The  Malays  (to  adopt  a  very  general  term), 
whose  fleets  ravaged  the  coasts  of  Tsiampa  as  late  as  the  eighth  cen- 
tury, had  at  times  previous  to  that  a  powerful  influence  on  the  northern 
islands,  and  have  left  behind  them  numerous  traces  of  their  interven- 
tion. I  shall  take  pleasure  in  seeing  the  ingenious  and  varied  argu- 
ments brought  to  light  by  which  M.  Metchnikoff  supports  the  very 
precise  views  which  he  has  formed  on  that  subject. 

One  last  national  element,  which  has  remained  very  modest  in  its 
influence,  because  it  was  driven  out  with  a  kind  of  repugnance,  by  the 
Japanese,  is  the  Aino,  the  hairy  race  of  Kuriles,  of  Sakhalin,  and  of 
Yeso.  I  have  told  you  what  little  I  knew  of  these  singular  islanders, 
whom  for  the  moment  I  am  utterly  unable  to  classify.  The  Ainos  are, 
on  an  average,  akin  to  the  Chinese  by  their  cephalic  index,  and  I  have 
provisionally  placed  them  between  the  Chinese  and  the  Eskimo,  whilst 
most  readily  admitting  that  this  classification  is  altogether  provisional 
only. 

Of  the  different  branches  of  the  yellow  trunk,  whose  general  physiog- 
nomy I  have  placed  before  you,  those  that  could  be  gathered  together 
in  a  tolerably  homogeneous  group  without  doing  much  mischief,  have 
thus  been  passed  in  review.  There  remain  to  us  to  be  studied  a  cer- 
tain number  of  others,  more  or  less  irregular,  and  who,  since  Blumen- 
bach,  have  been  generally  set  apart  under  the  names  of  the  Malay 
branch  and  the  American  branch.  This  year's  course  of  lectures  will 
be  devoted  to  the  examination  of  documents  of  all  kinds  relating  to 
these  two  branches. 

We  shall  pass  in  review,  successively,  the  material  referring  to  the 
Korean  and  the  Japanese  races,  considered  in  the  light  of  intermediaries 
between  those  of  the  Asiatic  Continent  and  those  of  the  large  islands 
which  are  dependent  on  them.  Next  we  shall  approach  the  facts  which 
have  reference  to  Malay  land  and  its  ethnological  connections,  Mada- 
gascar on  one  side,  Polynesia  and  Micronesia  on  the  other.  This  first 
series  of  studies  will  bring  us  to  Easter.  After  vacation  we  shall  begin 
the  study  of  the  races  of  the  New  World,  which  will  occupy  the  whole 
remainder  of  the  course. 


COMPlJLSOJbtY  MIGRATIONS  IN  THE  PACIFIC  OOEAN.i 


By  Otto  Sittig. 


The  fact  tliat  the  first  voyagers  around  the  world  found  all  the  archi- 
pelagoes iu  the  Pacific  Ocean  inhabited  as  far  as  Easter  Island  in  the 
extreme  east  appeared  to  present  an  indecii)herable  enigma  to  anthro- 
pogeography,  and  although  the  remarkable  skill  of  the  Oceanic  peoples 
in  swimming,  and  the  high  degree  to  which  they  had  developed  the  art 
of  navigation  were  known,  even  these  did  not  afford  adequate  connect- 
ing links  for  the  origin  of  these  islanders.  Therefore,  the  first  oppor- 
tunity of  considering  the  question  with  a  prospect  of  success  was 
aftbrded  when  instances  of  longer  voyages,  which  exceeded  the  dis- 
tances ordinarily  traversed,  became  known  and — this  is  the  main  point — 
also  the  fact  that  they  occurred  involuntarily.  In  connection  with 
their  accounts  of  such  voyages,  most  travelers  have  expressed  an 
opinion  concerning  the  origin  of  the  inhabitants  of  Polynesia.  The 
view  that  they  were  indigenous  to  the  soil  met  with  no  permanent 
approval,  since  from  the  very  beginning  there  has  been  a  conviction 
that  there  is  a  relationship  not  only  between  the  Polynesians,  but  also 
between  them  and  the  inhabitants  of  the  Malay  Archipelago,  and  the 
idea  of  indigenous  origin  is  on  the  whole  mythical,  so  far  as  our  knowl- 
edge of  the  people  is  concerned.  The  theory  of  their  derivation  from 
the  islands  southeast  of  Asia  is  therefore  strenuously  defended.  But 
the  opposite  opinion,  which  assumes  America  to  be  the  starting  point 
of  the  population  of  Polynesia,  is  also  mooted  and  finds  its  principal 
champion  in  Ellis.  This  view  denies  the  possibility  of  a  derivation  of 
the  Polynesians  from  the  west,  since  the  prevailing  winds  and  currents 
move  in  that  very  direction  and,  moreover,  there  is  no  lack  of  ethno- 
graphical i)oints  of  resemblance  between  the  people  mentioned  and  the 
original  inhabitants  of  America.  Of  minor  importance,  in  our  consid- 
eration, are  the  individual  opinions  of  Bary,  Lesson,  and,  later,  Qua- 
trefages,  who  attribute  the  origin  of  these  islanders  to^New  Zealand. 

The  purpose  of  the  present  article  is  to  make  the  most  complete  com- 
pilation x)Ossible  of  the  cases  recorded  by  history  in  which  vessels  have 
been  driven  out  of  their  proper  course  in  the  Pacific  Ocean,  whose 
examination  altogether  may  afford  us  an  insight  into  the  natural  hypo- 
theses of  migrations  across  the  ocean. 


» Translated  irom  Petermann's  Mitteiluugen,  36  Band,  1890,  VII,  VIII. 
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The  chart  upon  whicb  have  been  mapped  out  the  course  of  compulsory 
voyages  shows  very  distinctly  four  separate  districts  in  which  craft  are 
driven  out  of  their  way,  according  to  which  this  discussion  is  naturally 
divided.  These  four  districts,  which  will  be  examined  successively, 
are  the  following : 

District  L^ — The  islands  between  the  Philippines  and  Gilbert  Archi- 
pelago from  Qo  to  about  loo  north. 

District  IL — The  islands  west  of  Samoa  and  Tonga  from  0°  to  22^ 
south  (western  boundary  of  New  Guinea). 

District  III. — ^The  islands  east  of  Samoa  in  the  same  latitudes  (east- 
ern boundary,  Crescent  Island). 

District  I V. — The  northern  basin  of  the  Pacific  Ocean. 

The  results  of  our  argument  will  form  anthropogeographic  conclu- 
sions, to  which  we  shall  be  led  by  the  material  gathered. 

DISTRICT  I. 

The  first  of  the  districts  marked  out  above  lies  in  the  monsoon  regiotf 
of  southeastern  Asia;  here  the  vicinity  of  the  continental  masses  of 
land  exerts  an  iiifiuence  which  greatly  modifies  the  action  of  the  wiiid^. 
Hence,  just  in  this  region,  instances  of  compulsory  migrations  accnina- 
late,  and  we  find  a  fitting  motive  to  the  first  field  for  examination  in 
the  accidental  voyages  which  start  from  the  Malay  Archipelago  or  find 
their  goal  there.  Reports  of  such  in  former  times  exist  in  the  descrip- 
tions which  Spanish  missionaries  and  travelers  give  of  the  Philippine 
Islands  and  neighboring  groups.  In  the  year  1638,  a  ship  called  Con- 
ception was  driven  from  Manila  to  Tinian,  one  of  the  Ladrones.'  From 
the  letters  of  the  missionaries,  De  Brosses  states^  that,  in  the  year  1696, 
twenty-nine  Pelew  islanders,  or  natives  of  islands  previously  unknown, 
were  driven  in  two  boats  to  Guivam,  on  the  island  of  Samal.  The  wind 
tossed  them  about  for  seventy  days,  and  five  of  their  number  died  from 
the  exertions  and  privations  of  this  voyage  of  800  kilometers.  At  the 
same  time  two  women  were  found  on  the  same  island  who  had  been 


*Wu  heave  iutoiitionally  avoided  the  nsual  names  Micronesia,  Polynesia,  eto., 
because  tho  natural  conditions  compel  us  to  assume  a  nniform  popnlation  of  the 
Oceanic  islands,  and  sach  a  distinction  in  the  nomenolatare  might  easily  lead  to  an 
opposite  comprehension. 

'^De  Brossea-Adelang :  Complete  History  of  Ocean  Voyages,  page  553,  and  D^ 
Brosses :  Voyage  aux  terres  australes,  Vol.  II,  page  443. 

^The  same,  page  350.  Cook  :  Third  Voyage,  French  ed.  I,  page  254.  Note  Omai: 
Reports,  etc.,  page  109.  Ellis  gives  in  Polynesian  Researches,  I,  page  125.  forty  per- 
sons; so  also  does  Malte-Bnin,  according  to  Palmer:  Kidnapping,  etc.,  page  30. 
One  of  the  castaways  died  soon  after  the  arrival;  there  is  also  a  difference  of  ten 
persons;  bnt  this  seems  later  to  have  been  merely  an  error  in  print.  According  to 
Semper:  Pelew  Islands,  page  356,  it  appears  from  the  statements  of  Father  Murillo 
Velarde  (llistoire,  etc.,  page  375,  and  following  Manila,  1749)  that  these  islanders 
can  not  have  been  natives  of  Pelew,  which  the  name  of  the  island,  Panlog,  contro- 
verts, but  mnst  have  come  from  Yap,  or  still  farther  eastward.  (The  lettres  ^if. 
also  oppose  it.) 
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rought  there  by  a  similar  accident.  It  uiight  be  supposed  that 
ihabitants  of  the  Philippine  Islands  would  also  have  been  carried  to 
lie  Pelew  Islands,  but  this  conjecture  is  not  confirmed.    There  is  not 

single  instance  of  such  a  compulsory  voyage,  but  there  are  transac- 
ions  which  can  explain  this  phenomenon.  These  are  the  futile  efforts 
lade  by  the  Spaniards  to  reach  the  Pelew  Islands  from  the  Philip- 
ines,  which  are  related  by  De  Brosses  and  Burney '  from  the  travels 
f  Franciscus  Padilla.  The  first  eflfort  of  the  Spaniards  to  discover 
be  ''New  Philippines"  occurred  in  1707,  after  a  shipwreck  sniftered  by 
ome  of  the  inhabitants  of  these  islands,  whereby  they  became  known.^ 
5ut  this  was  frustrated,  as  were  also  four  other  attempts,  which  were 
ndertaken  in  the  years  1708,  1710, 1711,  and  1729.  The  first  time  any 
ne  succeeded  in  sailing  from  the  Philippines  to  the  Pelew  Islands^ 
ras  in  1731.  These  noteworthy  circumstances  teach  us  the  close  con- 
ection  existing  between  accidental  voyages,  and  thus  also  the  migra- 
lons  of  the  Oceanic  peoples,  and  the  mechanical  movements  of  the 
ind  and  the  sea. 

There  are,  however,  instances  of  vessels  being  swept  from  more 
outhern  regions  to  the  Pelew  Islands.  Captain  Wilson,  after  his  ship- 
Teck  in  the  year  1738,  found  at  Pellilu  a  Malay  who,  with  six  compan- 
)ns,  had  been  carried  thither  from  Ternate  in  the  Celebes.^  Dumont 
)'Urville  also  mentions  this  case.*^  A  thoroughly  analogous  event 
appened,  according  to  Johnson's  statement,  in  the  year  1859  and  in 
lie  following  one,  when  two  boats  from  Salibago  were  driven  upon  the 
orthwestern  side  of  the  Pelew  Islands.  The  crews  lauded  at  the  vil- 
ige  of  Aibukit,  and  Kubary  afterwards  found  one  of  the  castaways  still 
liere.^  Micklucho-Maclay,  during  his  brief  stay  in  Yap  and  Pelew, 
Iso  frequently  met  persons  from  other  islands  who  had  been  cast  away 
n  them;  for  instance,  he  found  on  the  main  island,  Baobeltaop,  in  the 
illage  of  Malogiok,  a  man  from  Bui,  on  the  northern  coast  of  Celebes,' 
ho  ina<le  his  voyage  in  eighteen  days. 

In  the  first  group  is  one  of  the  most  remarkable  and  at  the  same 
ime  also  the  best  known  voyage  which  is  related  of  Kiidu.  The  Kus- 
ian  captain,  O.  v.  Kotzebue,^  met  him  on  the  island  of  Aur.  Chamisso, 
Lotzebue's  traveling  companion,  was  induced  by  this  singular  case  to 
ay  special  attention  to  compulsory  migrations.  Kadu  was  a  native 
f  the  Ulie  Islands,  and  with  two  of  his  countrymen  and  an  inhabitant  of 


'  History  of  the  Discoveries. 

'  De  Brosses- Adeluug,  page  429  and  following. 

^E.  Butrou  de  la  Soma,  in  Bol.  Soc.  Geogr.,  Madrid,  1885,  page  23,  jiud  Lettrcs  des 
[issions,  X  and  XI. 

•♦Seuiper:  Pelew  Islands,  Supplement  11.  Lesson:  Le«.  Polyn.  et  leur  migrations, 
,  page  369. 

*  Voyage  an  pole  sud  et  dans  Voccanie,  V,  page  208. 

•^F.  Katzcl:  Vrdkerkunde,  II,  page  340  and  following. 

Ubid. 

»Reise  am  die  Welt,  I,  page  103, 
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the  islaud  of  Yap,  while  on  a  voyage  from  Ulie  to  Fais,  was  overtaken 
by  a  storm,  and  after  drifting'  a  long  time  was  cast  ashore  upon  the 
Aur  group  of  the  Kadack  chain.'    Thus,  the  wind  had  driven  the  luck- 
less voyagers  a  distance  of  2,700  kilometers.'    Kadu  was  taken  on 
board  of  the   Rurik^  where  Chamisso  especially  interested  himself 
in  him,  and  from  the  narratives  of  our  man  of  Ulie  noted  a  series  oi 
similar  cases  which  he  himself  deems  reliable.    An  event  precisely 
analogous  to  this  is  the  casting  ashore  of  seafarers  from  Yap  upon  this 
same  group  of  Aur  where  Kadu  was  found.    The  latter  distance  even 
exceeds  the  former  by  300  kilometers.     In  Chamisso's  time  there  were 
also  five  natives  of  Lamotrek  living  on  the  southeastern  side  of  the 
Arno  group,  who  had  been  borne  there  by  the  wind  and  cuiTcnts.    Id 
1857  people  from  Ulie  were  driven  to  the  Marshall  Islands  in  the  same 
way. 

It  is  not  without  some  astonishment  that  we  find  ourselves  in  the 
presence  of  this  immense  number  of  compulsory  voyagers,  since  their 
course  is  exactly  opposite  to  what  we  should  expect  from  the  mechanical 
movements  of  the  waves  and  the  wind  in  this  group.  In  fact,  there  is 
also  no  lack  of  accidental  sea  voyages  in  the  contrary  direction  which 
appear  to  us  much  more  significant.  Thus,  Chamisso  met  at  Guahan  a 
native  of  Lamotrek  who  knew  the  names  of  Eadack  and  Ralick,  and 
this  circumstance,  though  not  with  absolute  certainty,  indicates  a  cast- 
away from  the  chain  of  islands  farther  westward.^ 

There  is  a  noteworthy  event  which  occurred  about  the  year  1807, 
when  a  boat  was  driven  from  Tuch  to  Ouahan,  that  is,  about  800  kilo- 
meters, in  a  northwestern  direction.*  De  Brosses  gives  two  similar 
instances  from  the  letters  of  A.  Oautova,'  On  the  llth  of  June,  1721, 
and  two  days  later  people  from  Faraulep  who  wished  to  go  to  Ulie,  but 
were  driven  about  twenty  days  by  wind  and  tempest,  were  stranded 
here.*^  According  to  Oook,^  who,  in  his  third  voyage,  also  mentions 
these  events,  there  were  twenty-four  people  in  the  first  boat,  while  the 
latter  contained  only  six.  In  the  same  way,  during  the  previous  year, 
two  canoes  were  swept  from  a  distant  island  to  one  of  the  Marianne 
group,  but  it  is  not  stated  whence  they  came.  It  is,  however,  certain 
that  in  the  period  between  1760  and  1770,  a  boat  from  Yap,  lying  800 
kilometers  toward  the  southwest,  was  cast  ashore  on  the  same  island  of 


>Rei8e  um  die  Welt,  I,  pa^e  103. 

"The  estimate  of  the  leni;th  of  such  voyages  is  especially  unreliable,  where  mouths 
are  taken  »s  the  basis  of  the  measurement  of  time.  Kadu  gave  eight  months;  U. 
Wnitz  (Anthropologie,  I,  p.  225,  and  V,  p.  21),  only  five  months  are  named. 

'^ChaniisMo:  Henicrkungen  zur  Reise  um  die  Welt,  page  127.  Qnatrefages,  paj^) 
105;  Palmer,  page  30.     Bastian:  Inselgruppen,  page  104. 

^Chamisso:  Bemerkungen  zur  Reise  um  die  Welt,  page  140. 

'^De  Brosses- Adeluug,  page  553. 

'^Ibid.,  page  464. 

'Cook:  Third  Voyage,  I,  page  254,  note  (Lettres  <Sdif.  XV,  pp.  196-215).  In 
Burney,  where  these  t^o  cases  are  mentioned,  A..  Can  to  va's  letter  to  d^Anbert4>n  is 
given. 
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the  Marianne  cluster. ^  A  chief  from  Faraalep,  just  mentioned,  was  once 
driven  by  accident  upon  Mogmog,  near  Yap.  He  set  sail  for  Ouahan, 
bat  missed  his  way;  and  the  same  voyage  was  once  made  by  a  little 
boat  which  carried  only  three  men,  but  sailed  faster  than  the  two  larger 
vessels  with  which  it  came.*  A  very  remarkable  case  was  related  by 
Kua,  a  native  of  Nukuor.  He  left  his  home  on  the  6th  of  December, 
1876,  and  with  a  coverlet  for  a  sail  tacked  about  for  seventeen  days  to 
reach  Ponapl,  but  missed  it  and  was  stranded  on  the  Miuto  Eeef,  450 
meters  due  north  of  his  starting  point,  where  he  was  obliged  to  support 
life  until  September,  1878,  when  the  schooner  LoUis  found  him  and 
brought  him  to  Tuch.^ 

The  other  instances  of  compulsory  voyages  in  our  first  district  belong 
to  the  eastern  islands,  and  bring  these  groups  into  connection  with  each 
other  and  also  with  the  western  ones.  Radack  and  Ealick  maintain  a* 
constant  intercx)urse  and  therefore  accidental  voyages  frequently  occur 
here,  though  of  less  length  than  in  the  examples  previously  cited. 
While  Chamisso  remained  in  Ailuk  a  young  chief  from  Mesid  (probably 
Mejit,  only  100  kilometers  eastward)  was  driven  ashore  there  in  a  little 
fishing  boat  by  a  tempest;*  and  many  years  before  five  persons  from 
Repith-Urur,  an  island  of  the  Gilbert  Archipelago,^  were  cast  upon  the 
island  of  Eelich  in  the  Ealick  chain.  Besides,  there  were  on  the  island 
of  Airik  of  the  Kaben  group,  a  man  and  a  woman,  and  on  Aruo,  for- 
merly mentioned,  two  men  and  a  woman,  also  from  Eepith-Urur,  who 
had  been  borne  thither  by  the  winds  and  current.  During  Kadu's  res- 
idence on  Aur  two  boats,  each  containing  a  man  and  a  woman,  arrived 
there  from  the  same  island  of  the  Gilbert  Archipelago.^  Lastly,  a  case 
very  interesting  in  itself  and  analogous  to  that  of  castaways,  though 
less  important,  is  the  appearance  of  driftwood  and  the  floating  of  the 
wreckage  of  ships,  when  the  question  is  the  possibility  of  the  disper- 
sion of  peoples  over  the  ocean  in  connection  with  the  mechanical  move- 
ments of  the  atmosphere  and  the  sea.^  On  Tabual  Island,  of  the  Aur 
group,  Chamisso  found  a  woman  from  Bogha,  who,  while  trying  to  carry 
leaves  of  the  ex)coanut  palm  from  one  island  to  another,  was  caught  by 
the  tide  and  swept  away;  her  cocoanut  fronds  served  as  a  raft,  and 
five  days  after  she  was  washed  ashore  on  Utirik.^ 


'  Chamisso :  BemerknngeD,  pages  117  and  140. 

'It  is  known  that  people  from  the  Caroline  Islands  often  sail  to  Gnahan;  there- 
fore instances  of  vessels  driven  out  of  their  conrse  frequently  occur  in  this  region. 

3£thnograph.  anthropol.  Abteilung  des  Masenm  Godeftroy  in  Hamhnrg,  page  342. 

^Chamisso:  Tagebnch,  page  195. 

'^Ibid. :  Bemerkungen,  page  148. 

<^Ibid.,  page  184. 

'We  might  here  express  the  conjecture  that  the  dissemination  of  the  cocoa  palm, 
and  especially  of  certain  land  animals,  would  be  foun<l  associated  with  the  disper- 
sion of  human  beings.  For  instance,  there  are  uninhabited  islands,  and  these  are 
destitute  of  these  palm  trees,  as  the  Ducie  Islands  (Paumotu) ;  Timoe,  on  the  con- 
trary, lying  about  10  degrees  westerly  is  inhabited,  but  has  no  cocoa  palms. 
(Zeitsclir.  d.  Gesellsch.  f.  Erdk.  Berlin,  1870,  p.  346.) 

^Chamisso:  Tagebach,  page  184.     Kubary:  Ethnogr.  Beitrage,  pages  47  and  120. 
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But  still  larger  numbers  of  the  inhabitants  of  the  Marshall  and  Clil- 
bert  islands  were  carried  out  of  their  course  and  cast  away  farther 
westward  in  the  center  of  the  Carolines.  This  fact  may  already  be  con- 
jectured from  Kadu's  tales.  According  to  his  statements,  "Fanope'' 
must  be  groups  of  low  islands,  whose  existence  became  known  by  the 
frequency  of  voyagers  from  thence  being  cast  upon  Puluhot;  besides, 
Kadu  had  learned  on  Puluhot  a  song  in  which  a  distant  group  of 
islands,  Malilegotot,  is  mentioned.^  Fanop^  is  scarcely  identical  with 
Ponape,  which  shows  a  series  of  names  that  liave  a  similar  sound^ 
because  the  latter  island  is  mountainous.  Nor  do  we  suppose  that 
Funafuti  or  Fuana-tapu  of  the  Ellice  Islands  is  meant;  but  at  any  rate, 
long  compulsory  voyages  from  west  to  east  must  be  the  foundation  of 
such  traditions.  Besides,  we  do  not  lack  well-authenticated  cases  of 
the  same  kind.  In  the  year  1856,  a  boat  was  swept  from  Ralick  upon 
Kusaie  of  the  Caroline  group,  and  a  few  days  later  another  was  driven 
ashore  upon  the  island  of  Mokil  or  Wellington,  lying  still  farther  west,-* 
that  is,  a  compulsory  voyage  of  nearly  1,100  kilometers  was  made  with 
the  wind  and  the  current.  It  is  also  worthy  of  note  that  the  inmates, 
in  spite  of  the  forces  working  against  them,  succeeded  in  returning 
home.  Men  from  the  Marshall  Islands  were  also  cast  ashore  upon  the 
Gilbert  Islands  lying  toward  the  southeast;  for  instance,  in  the  year 
1861;  and,  on  the  other  hand,  inhabitants  of  the  former  were  swept 
upon  Eadack  and  Ralick.-^  Hernsheim  reports*  the  indubitable  fact 
that  inhabitants  of  the  Marshall  Islands  were  carrie  I  farther  to  the 
Carolines,  to  Pleasant  Island,  and  still  westward  for  distances  of  2, 7(H) 
kilometers.  For  instance,  he  himself  took  from  Hongkong  to  their 
home,  the  Kingsmill  Islands,  four  native  Mainas  who,  while  on  a  short 
cruise  from  one  island  to  another,  were  surprised  by  a  violent  storm, 
and  in  ten  days  carried  to  2  degrees  south  and  161  degrees  east — that 
is,  a  distance  of  1,300  kilometers.  There  they  were  taken  on  board  a 
French  ship.  The  authenticity  of  a  similar  event  is  vouched  for  by  the 
French  missionary  Maigret.  During  his  residence  in  Ponape,  in  the 
year  1837,  he  saw  a  man  who  had  landed  there  by  accident  from  Mara- 
kai,  in  the  Tarawa  group;  on  the  other  hand,  it  is  asserted  that  this 
very  Marakai  obtained  its  population  from  Ponape;  the  islands  are 
1,500  kilometers  apart,  and  therefore,  in  this  instance,  it  is  an  esj^ecially 
favorable  circumstance  that  the  migration  is  compulsory.  At  the 
same  time  two  boats  came  to  Tarawa  from  an  island  of  the  same  Gil- 
bert Archipelago,^  lyiug  southeast  of  it,  called  by  Hale  Amoi.^ 


*  Chamisso :  Benierknngen,  page  148. 
^Nautical  Magazine,  1858,  page  403. 
^Bastian:  Inselgruppen,  page  104. 

^MitteiluTigeu  der  Geogr.  GeHellsch.  Hamburg  1885-86,  page  303. 
'^The  Gilbert  islanders  build  their  boats  of  driftwood  (Zeitscbr.  d.  Gee.  f.  Krdk. 
Berlin,  N.  F.  15,  p.  370;  and  North.  Pac.  Sailing  Directory,  p.  939). 
*'  United  States  Exploring  Expedition,  V ,  pages  85,  182,  and  190. 
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DISTRICT   II. 

In  leaving  the  first  and  most  diversiiied  of  our  districts,  we  can  name 
only  a  single  instance  of  a  compulsory  voyage,  which  forms  a  bridge 
across  the  region  of  calms  to  the  group  of  islands  mentioned  in  the 
introduction  as  belonging  to  the  second  district.  It  is  a  fact  that  an 
inhabitant  of  the  Kingsmill  Islands  was  once  driven  to  Eotumah.'  An 
inhabitant  of  this  latter  island  was  carried  to  Samoa,  and  this  voyage 
must  have  lasted  not  less  than  three  months.  Another  Eotumah  man 
reached  Yiti.  Almost  the  opposite  voyage,  in  a  little  more  easterly 
direction,  was  made  by  Kow  Muela,  a  Tongan,  who  had  gone  with  a 
band  of  young  men  to  the  Yiti  Islands  on  an  expedition.  After  he  had 
harassed  this  archipelago  for  two  years  he  sailed  for  Tonga,  but  at 
Vavau  encountered  unfavorable  winds  and  was  compelled  to  shape  his 
course  for  Samoa,  but  reached  Fotuna,^  lying  to  the  northwest.  All 
the  other  accidental  voyages  in  our  present  district  show  a  common 
noteworthy  characteristic — they  all,  with  slight  modifications,  take  the 
same  main  direction  from  west  to  east. 

Cook  and  the  Forster  brothers  noticed  the  kinship  which  the  inhabit- 
ants of  certain  islands  of  the  New  Hebrides  showed  to  the  Tongans 
and  Samoans,  but  there  was  no  attested  fact  which  could  have  explained 
the  necessity  of  such  a  relation.  The  second  voyage^  which  Captain 
Bligh's  boat,  after  his  landing  in  Toto,  made  in  a  westerly  direction — 
it  finally  landed  at  Timor — sufi&ciently  proves  that  comi)ulsory  migra- 
tions from  central  Polynesia  do  take  place  for  considerable  distances 
with  the  trade  winds.  Of  course,  in  such  occurrences  the  Yiti  Archi- 
pelago could  not  remain  exempt,  and,  in  fact,  through  the  reception  of 
Tongan  blood,  a  mixed  race  has  been  formed,  which  occupies  the  wind- 
ward side  of  these  islands,  and  about  200  pure  Tongans  also  live  on  this 
group.*  Here,  it  is  true,  the  normal  relations  of  traffic  also  exist,  and 
the  Tongan  boat  building  in  V^iti,  etc.,  must  not  be  overlooked.  It  is 
the  eastern  winds  which  drive  them  there.  Lakemba  became  their  prin- 
cipal settlement,  and  when  the  missionaries  arrived  there  were  three 
Tongan  colonies  on  this  island.-"'  But  Tongans  and  Samoans  were  also 
driven  still  farther  westward.  Thus  Erskine  found  in  Kengone  three 
descendants  of  Tongans  who  had  been  swept  ashore  there  many  years 
before  in  several  canoes  by  a  strong  wind.*'    Turner,  who  remained  a 


*Waitz:  Anthropologic  der  Natnrvolker,  V,  page  20.  Polack:  Narr.  II,  page  427. 
D'UrviHe,  V,  page  362.     Dillon,  I,  page  294. 

'^Mariner:  Tonga,  Neuo  Bibliothek  der  KeiBen,  Bd.  XX,  page  276. 

•'Expedition  of  the  JN'orara,  II,  page  229,  two  volumes,  by  B.  v.  Miillerstorf-Urbair. 
Bligh :  Voyage  iu  the  Pacific;  Account  of  the  Mutiny. 

^Cruise  of  the  Citrafao,  page  140.     At  Home  in  Fiji,  by  G.  Gumming,  II,  page  28J.). 

*Ten  Months  in  the  Fiji  Islands,  by  Smythe,  page  124. 

•The  Islands  of  the  "Western  Pacific,  page  373,  Meinicke:  Die  lusehi  des  .Stillen 
Ozean,  I,  page  375,  note  14. 
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that  frequently  people  from  eastern  islands  of  which  nothing  had  been 
previously  known  on  the  Society  Islands  were  cast  on  the  shores  of 
Tahiti.^ 

In  the  small  number  of  instances  in  this  eastern  district  of  the  region 
where  boats  are  driven  out  of  their  course,  compulsory  voyages  against 
the  wind  are  not  largely  represented;  but  they  are  not  entirely  want- 
ing. Thus  it  is  positively  proved  that  the  austral  island  Tubuai,*  pre 
viously  mentioned,  was  peopled  at  a  recent  date,  1840,  b3"  natives  of 
an  island  lying  westward,  probably  Eimitara,  and  the  immigrants  were 
brought  there  by  unfavorable  winds/^  Timoe  or  Crescent  Island  also 
received  its  population  accidentally  and  from  the  west,  namely,  from 
Mangarera/  Lastly,  the  case  of  voyagers  being  driven  from  liaiatea 
to  Tubuai  is  also  assured  to  us.^ 

It  would  be  of  special  value  to  our  position  if  we  could  record  an 
instance  of  an  accidental  voyage  to  Easter  Island,^*  but  though  this  is 
not  possible,  there  are  two  actually  certified  voyages  against  wind  and 
current  from  the  Paumotu  group  which  are  analogous  to  the  case  we 
must  assume  in  order  to  bring  the  Easter  Islanders  into  connection 
with  the  other  Polynesians.  Captain  Beechey^  found  on  the  island  of 
Byam  (Martin)  forty  Tahitians — men,  women,  and  children — who  had 
been  swept  in  a  double  canoe  against  the  prevailing  wind  jfrom  Chain 
Island  to  Barrow  Island  (Waua  Wana),  a  mere  reef,  that  is,  a  distance 
of  about  1,(K)0  kilometers.  Beech ey  took  one  of  these  unfortunates, 
Tuwarri,  on  board,  and  when  they  reached  Bow  Island  this  Tahitian 
found  his  brother  and  various  friends,  who  had  been  stranded  there  by 
the  same  disaster.  The  latter  had  first  made  a  voyage  with  the  wind, 
so  that  the  total  length  of  their  passage  was  about  the  same  distance — 
1,000  kilometers." 


1  Ellis :  I,  page  12;",. 

-United  States  Exploring  Expedition,  V,  page  130. 

"Ibid.,  page  1 10. 

^Ibid.,  page  130. 

•^Ibid. 

'^There  is  probably  no  doubfc  tbat  Easter  Island  has  also  been  peopled  fmra  the 
west.  Heeoiiey  gives  excellent  reasons  for  it  (1, 79).  Micklacho-Maolay  informs  Bm- 
tian  in  a  letter  that  Easter  Island  was  known  to  the  inhabitants  of  the  nearest 
island  as  Rapa  nni  (Zeitschr.  d.  Ges.  f.  Erdk.  Berlin  1879.  7).  According  to  tradition, 
the  population  of  this  island  came  from  Oparo,  lying  1,900  miles  westward.  Ima^ 
and  stone  slabs,  like  those  in  Easter  Island,  have  been  fonnd  there  (Palmer,  p.  29). 
Geiselcr  also  snpports  this;  but  mentions  a  tradition,  according  to  which  the  Easter 
islanders  arc  said  to  have  come  from  the  Oalapagos  Islands;  but  this  tradition  is 
opposed  to  the  opinions  of  other  natives;  besides,  the  Galapagos  Islands  were 
uninhabited.  (East«r  Island,  an  abode  of  prehistoric  civilization  in  the  South 
Seas,  p.  43.) 

^Becchey:  Voyage  in  the  Paci fie  Ocean,  I,  page  261.  Palmer,  page  30,  and  many 
others. 

'It  is  also  an  important  circumstance  that  Wilkes  found  driftwood  at  Enderbnry 
(3^^  8'  S.,  I7r^  8  W.)  which  must  have  come  from  the  west.  (Behra,  in  Petermaiin, 
1859,  p.  181);  and  Hale  (p.  157)  speaks  of  the  wreckage  of  ships  drifting  np*^n 
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DISTRICT  IV. 

After  connecting  the  individual  groups  of  islands  in  the  Pacific 
Ocean  from  Pelew  to  Pauinotu,  there  is  still  the  basin  of  the  North 
Pacific.  Instances  of  accidental  voyages,  whose  point  of  departure 
lay  within  one  of  the  districts  already  discussed,  do  not  occur,  and  the 
point  in  question  concerns  only  vessels  from  the  continents,  especially 
Asia,  which  have  been  swept  out  of  their  course. 

The  Bouin  Islands  (properly  BuninSiam,  that  is,  uninhabited  islands) 
were  discovered  in  the  year  1675,  when  a  Japanese  junk  was  cast 
ashore  there;  ^  and  in  1600  Japanese,  who  often  made  voyages  to  the 
Ladrones,  were  carried  away  to  Manila.^  In  the  year  1869,  a  Chinese 
junk,  which  had  been  swept  from  the  Liukiu  Islands,  was  stranded 
upon  Baker  Island.  In  1836,  the  figurehead  of  a  ship  from  China  was 
found  in  Metalanim  at  Ponape.^  It  is  singular  that  no  connection  from 
the  groups  of  islands  already  established  can  be  made  with  the  Sand- 
wich Islands.  Vague  traditions  and  ethnographical  characteristics 
among  the  Hawaiians,  it  is  true,  point  to  Polynesia,  but  there  is  no 
event  which  would  permit  us  to  deduce  positively  that  the  natural  con- 
ditions  for  bringing  the  Hawaiians  into  a  necessary  connection  with  the 
other  islanders  have  existed.*    Yet  there  are  abundant  reasons  of  a 


Fakiiafo  (O'^  20'  S.,17P4'W.)  of  the  Union  group;  also  of  the  floating  ashore  of 
dabs  which  mnst  have  come  from  Viti  or  Samoa.  The  instance  of  a  craft  being 
carried  out  of  her  course  to  Karatonga  is  only  to  be  inferred  from  the  traditions 
existing  there;  people  from  the  Society  Islands  are  said  to  have  arrived  at  various 
times  by  accident,  but  the  Ruratongaus  also  trace  their  origin  to  Raiatea,  and  this 
coincides  with  the  beliefs  of  the  inhabitants  of  this  latter  island.  (Ellis  I,  p.  126.) 
Beechey  (I,  p,  60)  mentions  various  errors  of  reckoning,  which  we  will  pass  over 
here.  Behrens,  a  traveling  companion  of  Roggewein,  was  driven,  during  his  short 
voyage  from  the  island  of  Juan  Fernandez  to  Easter  Island,  318  (corrected  to  204) 
English  miles  farther  west  than  he  expected  to  be.  With  Blossom  the  difference  in 
the  same  region  amounted  to  270  miles;  and  when  La  Peyrouse  went  from  Con- 
ception to  Hawaii,  during  which  passage  he  touched  at  Easter  Island,  he  noticed 
that  he  had  made  an  error  in  his  reckoning  of  300  miles. 

'Geogr.  Handbuch,  by  R.  Andree  (for  school  atlas),  page  370. 

^From  similar  events  in  earlier  times  the  fact  may  bo  inferred  that  in  the  eastern 
portions  of  the  Malay  Archipelago,  for  instance  Ceram,  legends  of  white  immigrants 
had  existed  before  the  arrival  of  the  first  Europeans.  (See  Bastian  Inselgruppen, 
p  242.)  On  the  other  hand,  Rein  (.Japan,  p.  449  and  following)  maintains  that  nat- 
ural conditions  existed  for  tracing  the  ])opulation  of  .Japan  from  the  Malay  Archi- 
pelago; other  reasons,  however,  are  decidedly  against  this  conjecture. 

^Waitz  I,  page  225 ;  V,  page  20 ;  F.  Ratzel :  Vtilkerkunde  II,  page  340  and  following. 

^A  ship  was  once  wrecked  on  Fakaafo  (Union  group).  Hale  supposes  that  it  came 
from  Hawaii,  because  the  word  "debolo"  (in  Fakaafo,  it  is  true,  with  a  difl'erent 
meaning  (is  fonnd  in  both  places  (United  States  Exploring  Expedition,  V,p.  157.) 
Traditions  of  voyages  to  Nukahiva  are  not  lacking  in  Hawaii;  voyages  to  Tahiti  are 
even  said  to  have  been  undertaken  (Bastian-Inselgruppen,  p.  286.)  The  general 
opinion  is  that  the  boats  of  the  Hawaiians  were  formerly  larger;  voyages  were 
said  to  last  two  or  three  months.  (Ellis:  Tour  through  Hawaii,  p.  441.)  A  direct 
relation  is  even  said  to  have  existed  between  the  Nt;w  Zoalanders  and  the  Sandwich 
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different  character,  which  compel  us  to  believe  in  a  kinship  between 
the  Hawaiians  and  the  other  Polynesians.  In  the  ancient  popalation 
of  Maiden  and  the  vanished  one  of  Fanning,  we  find  the  unmistakable 
bridge  between  the  Society  and  the  Sandwich  islands^  There  ha« 
always  been  a  conviction  that  an  influence  from  China,  and  especially 
from  Japan,  has  asserted  itself  here.  Cases  of  craft  from  eastern  Asia 
being  driven  to  Hawaii  remove  any  doubt  of  this  fact.  Besides,  these 
cases  are  especially  calculated  to  prove  to  us  how  closely  the  population 
of  Polynesia  is  united  to  that  of  Asia. 

According  to  the  statements  of  the  Hawaiians  themselves,  such  occur- 
rences are  not  infrequent.  Jarves  relates  that  in  December,  1832,  a 
Japanese  junk  was  driven  ashore  at  Oabu,  near  the  harbor  of  Waialea. 
Nine  of  its  occupants  were  still  alive,  after  having  been  tossed  to  and 
fro  eleven  months  upon  the  sea.*  The  remark  made  by  Hawaiians 
upon  the  arrival  of  these  people  is  worthy  of  consideration.  They 
said:  "It  is  plain  now  we  come  from  Asia,''  when  they  saw  that  the 
strangers  showed  a  strong  resemblance  to  themselves.  In  the  time  of 
Opili  also,  white  men  landed  on  the  southwestern  coast  of  Hawaii,  and 
a  reliable  statement  informs  us  that  a  short  time  after  the  departure  of 
these  strangers  another  band  of  white  men  were  also  stranded  on  the 
western  side  of  Hawaii.  The  boat  had  neither  mast  nor  sail  and  was 
painted.  The  people  were  dressed  in  yellow  and  white,  and  one  wore 
a  hat  adorned  with  plumes.  They  long  exerted  an  influence  in  Hawaii. 
Later,  a  boat  is  said  to  have  arrived  at  the  same  place,  and  about  the 
year  1620  a  second  one  came  to  the  southern  side  of  the  bay  just  men- 
tioned, in  Palekai.  The  ship  was  wrecked  and  only  the  captain  and 
one  white  woman  reached  the  land.  Two  vessels  are  also  said  to  have 
once  been  cast  upon  the  northeastern  shore,  but  no  one  gained  the 
beach.  Wilkes  states  that  a  whaler  received  on  board  five  Japanese 
and  took  them  to  the  Sandwich  Islands.  There  is  a  mythical  story 
that,  under  the  government  of  King  Kamaloohua,  in  Maui,  a  Hawaiian 
vessel  brought  in  four  strangers,  whose  complexion  was  only  moderately 
dark,  and  who  were  probably  the  crew  of  a  wrecked  Japanese  boat 
With  the  frequency  of  such  cases,  it  can  not  surprise  us  that  instances 
of  compulsory  voyages  have  been  recorded  which  extend  over  the  entire 


Islauders;  both  cultivated — the  former  according  to  tradition — the  sweet  potato, 
which  did  not  exist  in  the  Society  Islands.  (Shortland :  Traditions  and  Superstitious 
of  the  New  Zealanders^  p.  34.)  Williams  fonnd  in  New  Zealand  a  dog  which  lived  in 
a  wild  state  in  Maurua  ( Samoa).  He  therefore  seeks  Sawaii  there,  and  not  in  Hawaii, 
(Hood:  Cruise  of  H.  M.  S.  Fawn,  p.  148.)  Max  Bnchner  lays  stress  upon  a  direct 
connection  between  the  Hawaiians  and  New  Zealanders.  (Mitheil.  d.  Geogr.  Ges. 
Hamburg,  1876-77.) 

Zeitschr.  d.  Ges.  f.  Erdk.,  Berlin,  1868,  page  tl6. 

■History  of  the  Hawaiians,  page  29;  North.  Pacific  Sailing  Directory,  page  1209: 
United  States  Exploring  Expedition,  V,  page  260,  and  many  others.  (See  Waitz,  V, 
p.  20.)  [The  reader  should  consult  a  pamphlet  entitled  The  Long  Voyagee  of  the 
Hawaiians,  by  N.  B.  Emerson,  Honolulu. — Ed.] 
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basin  of  the  Northern  Pacific  to  the  American  Continent.  The  voyages 
to  Hawaii  may  be  regarded  as  transition  stages  to  those  to  America. 
The  analogy  applies  to  two  compulsory  voyages,  also  of  Japanese  ves- 
sels, the  first,  which  sailed  for  Osaka,  was  cast  away  on  Cape  Lopatka 
in  July,  1729;  the  other  was  carried  to  the  southern  end  of  the  island 
of  Kadiak. 

Kotzebue^  states  that  Japanese  have  been  carried  to  America,  and 
about  the  time  when  the  Japanese  junk  reached  Oahu  such  a  boat  also 
landed  near  Cape  Flatt^ery,  north  of  the  mouth  of  the  Columbia. 
Sometimes  Chinese  ships  were  even  driven  to  the  northwestern  coast 
of  North  America.^  In  the  examination  of  the  Sandwich  Islands,  the 
fact  is  specially  worthy  of  note  that  articles  are  transported  here  which 
show  their  origin  in  North  America  with  the  same  cogency  as  the  voy- 
ages previously  mentioned  indicate  Asia.  Vancouver  found  in  Kauai 
a  canoe  61^  feet  long,  which  was  hollowed  from  a  single  log.^ 

The  prospe<;t8  in  the  investigation  in  the  case  of  New  Zealand  are 
meager.  Probably  no  one  doubts  that  this  pair  of  islands  obtained  its 
population  from  an  island  centrally  situated  among  the  groups  formerly 
discussed,  and  a  glance  at  the  mechanical  relations  of  the  Pacific  suf- 
fices to  make  this  ea«y  of  comprehension;  but  there  is  no  positive  proof 
of  it.  The  report  that  a  ship  on  the  way  from  Savaii  to  Tonga  was 
overtaken  by  a  storm,  driven  toward  Viti,  and  finally  reached  the  coast 
of  New  Zealand  is  shrouded  in  obscurity;^  and  it  seems  almost  super- 
fiuous  to  cite  the  instance  of  a  vessel  driven  out  of  her  course,  which 
occurred  on  the  northeastern  coast  of  New  Zealand.  In  June,  1844,  a 
boat  from  Opotiki  was  carried  to  Tauranga,  which  is  only  about  120 
kilometers  westward.  The  single  point  worthy  of  note  here  is  the  fact 
that  the  incident  occurred  in  consequence  of  a  northeast  storm. 

The  Chatham  Islanders  trace  their  origin  to  New  Zealand,  and  have 
the  tradition  that  about  the  year  1750  their  ancestors  were  driven  on 
sli6re  by  a  westerly  storm ;  but  these  must  not  be  confounded  with  the 
New  Zealanders  who  came  there  later  for  the  purpose  of  trade.'^  We 
deem  this  fact  of  importance,  as  it  lays  stress  upon  the  point  that  the 
primary  act  was  the  driving  out  of  the  course,  and  the  secondary  one 


'A  New  Voyage,  etc.,  Lond.,  1830,  II,  pages  36,  48,  53. 

-United  States  Exploring  Expedition,  by  Wilkes  (two  volnmes),  II,  page  295. 

^North  Pacific  Sailing  Directory,  page  1209.  In  Hawaii  (eastern  side)  two  unchors 
were  found ;  Kotzebue  supposes  that  they  came  from  one  of  the  ships  which  were 
driven  out  of  their  course  (see  Jarves,  p.  102);  and  the  iron  which  Cook  found  in 
the  same  place  is  said  to  have  belonged  to  Spanish  voyagers  from  Manila.  (Bastiau : 
Inselgrnppen,  p.  242,  note  2.  Cook:  Third  Voyage,  II,  p.  402.)  Cook  thinks  it 
entirely  a  matter  of  course  that  this  iron  must  have  oome  from  the  east.  The  fre- 
quency with  which  driftwood  washes  ashore  along  the  whole  northern  rim  of  the 
Pacific  is  generally  known. 

^United  States  Exploring  Expedition,  V,  page  147,  and  in  reference  to  the  Chat- 
ham Islands,  ibid.,  page  148,  not4\ 

^Traditions  and  Superstitions  of  the  New  Zealanders,  page  34. 
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the  formation  of  commercial  relations.'  Yet  other  factors  which  com- 
pelled the  Oceanic  peoples  to  leave  their  native  islands  mast  not  be 
overlooked.  It  is  the  nature  of  these  islanders  to  trust  themselves 
confidently  to  the  sea,  hoping  soon  to  find  an  island  where  they  can 
settle. 

It  is  not  surprising  that  we  can  record  no  vessel  driven  out  of  her 
course  in  the  Southern  Hemisphere,  which  extended  to  South  America. 
Probably  no  one  would  assert  that  such  an  event  happened,  though  it 
is  not  impossible.  Dillon  mentions,  as  a  noteworthy  example,  that  io 
June,  1824,  an  American  ship  ran  into  the  harbor  of  Valparaiso,  which 
had  sailed  from  Mulgrave  Achipelago,  past  Samoa,  with  the  wind 
blowing  constantly  from  the  west  and  northwest.  In  the  higher 
southern  latitudes  '^  the  brave  west  winds ''  are  proverbial  with  mari- 
ners. Since,  under  force  of  natural  conditions,  an  immigration  into 
South  America  from  the  west  is  not  absolutely  impossible,  there  is  in 
some  degree  an  analogy  in  the  northern  and  southern  basins  of  the 
Pacific  with  regard  to  the  possibility  of  the  dispersion  of  human 
beings. 

But  this  analogy  can  exist  only  so  long  as  the  relations  of  the  wind 
and  currents  in  both  basins  are  the  same.  In  the  vicinity  of  the 
equator— in  i>oint  of  fact  slightly  north  of  it — these  relations  are  sym- 
metrical, and  complications  of  these  relations  first  become  operative 
when  the  groups  of  islands  on  the  continents  place  obstacles  in  their 
way.  But  while  the  ocean  north  of  the  equator  is  closed  by  masses  of 
land,  and  the  northern  equatorial  stream  is  thus  forced  back  upon  itself, 
in  the  eastern  portion  of  the  southern  part  there  is  a  movement  of  the 
masses  of  water  toward  the  equator,  and  in  the  western  a  similar  one 
toward  the  pole;  in  the  center  the  sea,  so  to  speak,  is  neutral. 

Our  chart  shows  that  compulsory  voyages  become  more  and  more 
infrequent  the  farther  we  go  eastward  from  Asia,  and,  south  of  the 
equator,  voyages  with  the  trade  wind  are  largely  in  the  majority.  This 
proves  on  one  side  that  the  accident  of  such  ajourney  is  most  closely 
connected  with  the  wind,  and,  on  the  other,  that  the  continent  of  Aus- 
tralia is  capable  only  in  a  small  degree  of  transforming  the  relations  of 
the  wind  sufliciently  to  produce  the  phenomena  we  encountered  in  the 
first  district,  when  the  huge  masses  of  land  in  Asia  exactly  reverse  the 
directions  of  the  wind  and  currents.^    In  fact,  the  currents  of  the  air 


'Lesson  believes  that  the  Polynesian  colonies  in  the  New  Hebrides  were  fonnded 
only  in  a  limited  degree  by  castaways;  but  we  think  that  we  have  cited  so  many 
examples  that  the  priority  of  the  compulsory  voyajre  is  evident.  There  is  no  doabt 
that  in  addition  to  such  incidents,  intentional  voyages  must  also  have  been  made; 
otherwise  the  ethnographical  picture  of  our  islands  would  be  even  more  motley 
than  it  is. 

■'The  cause  of  the  circumstance  that  we  find  no  instance  in  our  second  district  of 
a  vessel  being  driven  out  of  her  course  from  the  west  toward  the  east  appears  to  be 
that  the  inhabitants  of  the  Hebrides^  Solomon  Islands,  etc.,  undertake  only  voyage 
along  the  coast,  as  O.  Finsch  (Reise  in  die  Siidsee,  p.  37)  has  pointed  out. 
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aDd  of  the  sea  are  much  stronger  and  more  steady  in  the  Southern  Hem- 
isphere than  in  the  Northern.  Besides  the  aggregation  of  the  islands  in 
the  Malay  Archipelago,  this  is  of  special  importance  with  regard  to  the 
western  migration  of  the  Malays,  in  the  Indian  Ocean.  In  our  first 
district  compulsory  voyages  are  especially  frequent;  therefore  the  im- 
portant inference  follows  that  it  is  the  modifications  and  complications 
of  the  mechanical  conditions  of  the  air  and  sea  which  carry  people  far 
out  of  their  course  into  the  ocean.  It  is  also  evident  where  we  are  to 
seek  the  point  of  departure  of  the  Polynesians,  namely,  where  the 
Oceanic  islands  are  intertwined  with  those  of  the  Malay  Archipelago. 
The  question  would  find  but  a  doubtful  answer,  even  if  America  on  the 
west  was  closely  wreathed  with  islands.  But  this  is  not  the  case  and, 
besides,  Eevilla  Gigedo,  Galapagos,  Juan  Fernandez,  and  Salas  y  Gomez 
were,  indeed,  uninhabited.  This  fact  speaks  effectually  against  a  migra- 
tion from  America  across  the  ocean  to  our  island  groups. 

If,  in  the  examination  of  the  first  three  districts,  where  boats  are 
driven  out  of  their  course,  the  conviction  has  forced  itself  upon  us  that 
even  the  most  remote  Paumotu  isles  have  received  their  inhabitants 
from  the  Malay  Archipelago,  in  the  presence  of  the  Sandwich  Islands 
still  more  comprehensive  speculations  open  before  our  eyes.  We  see 
that  the  Hawaiians  must  naturally  be  mingled  with  Chinese  and 
Japanese  elements,  and  even  in  the  Carolines  this  is  not  excluded. 
Perhaps  herein  lies  the  basis  of  the  mental  superiority  of  the  inhab- 
itants of  these  two  groups  over  those  of  many  others,  and  anthropo- 
geography  teaches  that  in  reality  it  finds  eastern  Asiatic  resemblances 
in  the  Carolines.  If  we  look  still  farther  eastward,  we  shall  see  that 
Bering  Strait  does  not  form  the  sole  bridge  between  the  Old  and  the 
New  World.  Migrations  from  Asia  to  America  have  undoubtedly 
taken  place  in  more  southern  latitudes.'  Nay,  it  even  appears  that 
the  i>ossibility  of  a  migration  backward  from  northwestern  America  to 
Hawaii  is  not  excluded.  With  regard  to  South  America,  no  material 
exists  which  could  justify  us  in  making  deductions. 

It  seems  to  us,  however,  that  the  proof  is  furnished  that  the  natural 
conditions,  according  to  which  we  can  judge  the  migration  of  the 
Malays  across  the  sea,  entitle  us  to  group  the  original  inhabitants  of 
America  with  the  Polynesians,  Australians,  and  Malays  in  a  single 
great  family  of  peoples,  the  Mongoloid,  who  inhabited  the  coasts  of  two 
oceans,  the  Pacific  and  the  Indian.  The  great  capacity  for  journeying 
possessed  by  the  Malays  is  an  established  fact.  The  power  of  separa- 
tion which  the  Pacific  Ocean  has  by  reason  of  its  width  is  diminished 
on  the  other  hand,  by  the  numerous  islands;  and  as  a  continent  favors 
commerce  more  when  it  is  divided,  so  do  islands  when  they  are  so 
numerous  and  so  situated  as  the  Oceanic  ones.    Here  land  and  water 


*  We  notice  that,  for  InBtance,  in  tlie  northwestern  part  of  America,  myths  have 
existed  which  point  to  a  mi|(Tation  across  the  sea;  the  Americans  also  havo  tradi- 
tions of  a  western  origin  besides  the  one  that  they  came  from  the  north.  (Chamisso : 
BemerkoBgen.) 
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have  exchanged  tbeir  vocations;  as,  on  tbe  continent,  roan  clings  to tbe 
soil,  here  he  is  closely  connected  with  the  sea  and  the  winds  moving 
it — that  is,  he  becomes  a  toy  of  the  winds  and  waves.  If  by  this  time 
we  have  gained  a  comprehensive  idea  of  the  migratory  capacity  of  the 
inhabitants  of  Ocean ica,  the  natural  result  will  be  a  perception  of 
the  inanity  of  the  hypothesis  which,  to  explain  the  dispersion  of  tbe 
peoples  over  the  oceans,  the  Pacific  and  the  Indian,  makes  a  continent 
vanish,^  instead  of  starting  from  the  natural  factors  as  they  exist  at 
the  present  day.  Finally,  the  opinion  that  the  people  of  Oceauica 
came  from  New  Zealand  is  destroyed  by  merely  looking  at  our  chart 

Of  course,  no  deductions  of  a  positive  character  can  be  drawn  con- 
cerning the  individual  acts  of  the  migrations  of  the  Oceanicans.  The 
chart  is  still  too  incomplete,  and  besides,  the  voyages  often  change  to 
the  contrary  direction.  Only  where  numerous  instances  of  vessels 
being  carried  in  a  certain  course  could  be  recorded  are  special  infer- 
ences admissible.  According  to  Kubary,  the  fact  that  the  inhabitants 
of  the  Carolines  were  not  infrequently  carried  to  the  Philippines,  and 
that,  in  going  there,  they  always  reached  the  island  of  Samal  or  the 
southernmost  portion  of  Luzon,  is  a  proof  that  the  northern  equatorial 
stream  breaks  just  at  this  point.  On  the  other  hand,  inhabitants  of 
the  Philippines  have  never,  so  far  as  known,  been  carried  to  Pelew,' 
an  evidence  that  the  northeastern  stream  makes  a  circuit  around  these 
islands.  The  force  of  the  current  here  must  be  very  great,  as  it  seems 
to  conquer  the  first  impulse  of  driving  ships  out  of  their  course,  which 
is  most  frequently  the  impact  of  the  wind;  for  we  have  seen  in  the 
majority  of  voyages  that  they  always  occurred  in  consequence  of 
storms.  During  long  voyages,  as  in  the  case  of  those  to  America,  the 
impelling  principle,  on  the  contrary,  is  to  be  attributed  to  the  currents 
of  the  sea,  for  tempests  are  not  sufficiently  permanent.  Even  where 
the  point  in  question  concerns  driftwood  and  other  articles,  the  motive 
force  is  the  current  and  not  the  wind,  for  the  exposed  surface  is  too 
small  to  permit  the  wind  to  wrest  it  from  the  dominion  of  the  current; 
true,  the  wind  acts  indirectly  through  the  stream  all  the  more 
powerfully. 

The  aspect  of  our  second  group  of  castaways  is  a  thoroughly  char- 
acteristic one.  The  one-sided  direction  of  the  voyages  leads  us,  with 
the  previous  deductions,  to  perceive  distinctly  a  transfer  of  Polynesian 
blood  to  the  Hebrides,  etc.;  but  Viti  must  have  been  touched  at  eat»h 
time  on  the  way  from  Samoa  to  Tonga,  and  hence  follows  the  constant 
intercourse  between  these  last  island  groups. 

Between  our  first  northern  district  and  the  two  southern  ones  is  to 
be  noticed  a  free  space;  there  is  scarcely  a  single  instance  of  an  acci- 
dental migration  to  record  here ;  and  the  cause  is  not  solely  the  scarcity 

>  Wallace  afterwards  explained  the  dispersion  of  animals  in  these  regions  withont 
bein^  obliged  to  assume  a  submerged  portion  of  the  globe. 
>F.  Batzel:  Volkerkunde  II,  page  341. 
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of  islands  in  this  regiou,  but  also  the  neighborhood  of  the  zone  of 
calms,  which  again  affords  a  proof  that  the  compulsory  voyages  and 
migrations  of  the  nations  across  the  sea  are  connected  with  the  winds.* 
We  can  now,  with  each  distance  traversed  in  a  compulsory  voyage 
ai&  a  radius,  draw  a  circle  around  the  point  of  departure  and  thus  obtain 
an  ideal  conception  of  the  migratory  capacity  of  our  islanders.  It 
would  be  more  in  harmony  with  reality  to  unite  in  a  curve  the  extreme 
points  of  voyages  starting  from  a  limited  district,  in  order  to  obtain  in 
the  form  of  a  plane  a  comprehensive  expression  of  the  mobility  of  the 
Mongoloid  race.  In  the  passages  from  Japan  it  is  directly  obvious 
with  what  remarkably  mobile  people  we  are  dealing;  this  is  a  fact 
which  ought  not  to  be  considered  as  trivial,  which  is  frequently  the 
case. 


1  Perhaps  this  circumstance  explains  why  so  few  traces  of  Polynesian  elements 
have  existed  between  Samoa  and  the  Moluccas.  (See  Meiuicke  in  the  Zeitschr.  der 
Ges.  f.  Erdk.;  Berlin,  1869,  p.  378. ) 
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THE  OLD  INDIAN  SETTLEMENTS  AND  ARCHITECTURAL 
STRUCTURES  IN  NORTHERN  CENTRAL  AMERICA.^ 


By  Dr.  Carl  Sapper. 


The  ruins  of  northern  Central  America  have  for  some  time  past 
enlisted  the  attention  of  large  numbers  of  scholars,  their  scientific 
investigation  having,  in  fact,  begun  more  than  a  century  ago.  (Antonio 
del  Rio  in  Palenque,  1787.)  Nevertheless,  we  possess  but  few  accurate 
accounts  of  old  Indian  towns  and  edifices,  and  a  complete  series  of 
important  new  studies  can  not  probably  be  expected  for  several 
years  to  come.  Such  are  the  accounts  of  ruins  in  Yucatan  by  E. 
Thompson  and  T.  Maler,  the  thorough  exploration  of  the  ruins  of 
Palenque  by  A.  Maudslay,  and  of  the  ruins  of  Copan  by  an  American 
commission,  the  plans  of  Comaicalco  and  Mench^  Tenamit,  drawn  by 
engineers  of  the  Mexican  Boundary  Commission,  and  others,  of  the 
ruins  on  the  table-land  of  Guatemala  and  Chiapas,  although  deserving 
as  much  interest  as  the  majority  of  the  lowland  ruins;  only  very  few 
have  as  yet  been  examined  more  thoroughly.  I  can  recall  here,  besides 
Stephens's^  descriptions,  only  the  examination  of  Iximch^  by  Dr.  Gus- 
tav  Briihl,^  and  thus  I  am  compelled  in  my  statements  mainly  to  rely 
on  my  own  observations.  Now,  although  these  are  generally  nothing 
more  than  the  result  of  hasty  visits  and  of  rough  sketches  of  the  single 
places  where  ruins  are  found,  I  can  not  but  hope  that  they  may  be  of 
some  interest,  since  I  have  made  myself  personally  familiar  with  some 
examples  of  old  Indian  towns — settlements  and  edifices  in  almost  every 
one  of  the  separate  ethnographic  districts.^  I  must  mention  here  that 
I  have  not  examined  these  ruins  with  the  eye  of  the  artist  or  the  archi- 
tect, but  as  a  geographer,  desiring  to  establish  the  characteristic  pecu- 
liarities of  the  shapes  adopted  in  building  towns  and  rearing  houses,  as 


•Translated  from  Globus,  Vol.  LXVIII,  Nos.  11  and  12,  1895. 

^J.  Stephens,  Incidents  of  Travel  in  Central  America,  Chiapas,  and  Yucatan,  Lon- 
don, 1854,  page  313  ff,  331,  365, 383  ff. 

» Globus,  LXVI,  page  213  ff. 

^In  the  territory  of  the  Mije  and  Xinca  tribes  of  Aztec  and  Zapotec  origin  I  have 
observed  only  a  few  unimportant  building  ruins,  and  shall  therefore  pay  little  atten- 
tion to  them  in.  this  essay. 
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they  differed  in  the  varioas  tribes,  bopiog  that  I  might  thus,  if  possi- 
ble, secure  some  poiuts  of  contact  with  the  prehistoric  migrations  and 
the  ethnographic  connection  of  the  tribes.  I  have  also  tried  to  show 
how  far  the  architecture  of  men  depends  on  the  physical  and  orographic 
nature  of  the  land  and  the  character  of  the  building  mat'erial  found  in 
the  vicinity  wherever  this  could  be  shown.  Under  the  influence  of  the 
above-mentioned  views,  I  have  paid  but  little  attention  to  the  mius 
already  investigated  by  more  competent  men,  and  in  examining  unknown 
or  only  imperfectly  known  ruins  of  settlements,  I  have  confined  myself 
to  simple,  rough  measurements  by  the  aid  of  the  compass.  The  ground 
plans  and  sectional  plans  given  here  must,  therefore,  not  be  considered 
as  accurate,  but  are  merely  int^inded  to  give  a  generally  correct  view 
of  the  disposition  and  the  structure  of  the  single  buildings — more  did 
not  seem  to  be  required  for  my  purpose.  As  I  have  spoken  elsewhere 
of  the  old  Indian  settlements  of  Guatemala  and  Chiapas,  I  need  not 
return  to  them  here.  As,  however,  many  ruins  have  not  yet  b€»en  inves- 
tigated (like  those  of  Chiapa,  Tonala,  and  Agua  Escondida  in  Chiapas; 
of  Piedras  !Negras,  Yaxche,  and  Jolomax  in  Peten ;  of  Benque  Tiejo  in 
British  Honduras;  of  S.  Jorge,  Aguacatan,  Sacapulas,  Mixco,  Ghajul, 
Canilla,  Mita,  etc.,  in  Guatemala),  and  as,  moreover,  many  other  nuns 
have  probably  never  yet  been  discovered,  my  material  must  needs  be 
very  imperfect,  and  the  results  I  have  obtained  will  have  to  l>e  com- 
pleted and  reexamined,  I  shall  therefore  limit  myself  here  to  what  is 
most  important. 

1.  THE  DISPOSITION  OF  OLD  INDIAN  BUILDINGS  WITHIN  THE 

SETTLEMENTS. 

All  the  Indians  of  northern  Central  America  have  in  earlier  days 
lived,  as  they  still  do  in  our  day,  in  wooden  huts  covered  with  grass 
or  palm  leaves,  and  more  durable  edifices  were  raised  only  for  purposes 
of  worship  or  of  warfare,  perhaps  also  to  serve  as  homes  for  the  highest 
spiritual  and  other  dignitaries,  in  which  cases  earth  and  stone,  and  in 
times  of  higher  refinement,  even  mortar,  were  employed.  Of  such 
only  ruins  are  in  existence,  and  they  will  therefore  form  the  principal 
subject  of  this  work. 

The  fact  that  in  our  day  the  majority  of  Indians  live  in  remote 
regions,  far  from  Spanish  influences  and  scattered  in  separate  homes, 
or  in  small  clusters  of  houses,  would  seem  to  justify  the  presumption 
that  a  similar  system  may  have  prevailed  in  pre-Columbian  time^ 
Nevertheless,  the  Indians  had  besides,  in  those  days,  larger  centers  of 
population,  such  as  surrounded  their  places  of  worship,  within  carefully 
fortified  localities,  or  their  royal  residences,  the  salines,  gold  wiishings, 
and  the  like.  It  must  be  borne  in  mind,  however,  that  these  centers 
of  population  held  only  at  fixed  times  larger  numbers,  as  at  times  of 
religious  festivals  and  devotional  meetings;  the  fortresses  only  in  times 
of  war,  the  sahnes  in  the  dry  seasons,  when  alone  salt  could  be  miule, 


Distribution  of  Stvles  of  Builoinq  in  middle  Ameaica. 


I.  Hajvstrle;  la.  North  Yueateu  type:  1 
8.  ChorU  style;  4.  Vera  Paz  style; 
Chiapaiiec  style;  0.  Hoiozlatla  style. 
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etc.  During  the  larger  part  of  tlie  year  it  is  probable  the  majority  of 
Indians,  and  even  those  who  owned  a  house  of  their  own  in  the  towns, 
lived  in  the  country  in  simple  huts,  surrounded  by  their  cornfields,  as 
the  case  at  this  day  in  parts  of  Alta  Yerapaz.  It  was  only  the  Spaniards 
who  led  the  Indians  to  congregate  in  real  towns  and  villages;  and  as  an 
evidence  of  the  strangeness  which  this  mode  of  life  had  for  them,  it 
may  be  mentioned  that  many  tribes  of  the  Maya  family  never  had  a 
word  in  their  language  for  this  idea,  and  hence  adopted  for  it  the  Mexi- 
can designation  "tenamit^.  Only  in  Yucatan  a  stronger  tendency  to 
concentrate  seems  to  have  prevailed  from  of  old,  as  the  people  there 
were  forced  to  do  so  by  the  small  number  of  permanent  ponds  (aguadas), 
of  caves  through  which  rivers  were  passing  (cenotes),  and  of  real 
springs. 

The  true  nature  of  old  Indian  population  centers  can  only  be  guessed 
at,  since  not  a  trace  has  survived  of  what  constituted  the  principal 
part  of  a  town,  or  that  which  was  inhabited  by  the  poorer  classes  who 
dwelt  in  mere  huts.  It  is  true  the  Spanish  conquerors  tell  us  much  of 
streets  and  squares,  but  the  actually  existing  ruins  only  show  that 
squares,  often  very  extensive,  did  exist;  that  in  many  towns  they  were 
exceedingly  numerous  and  beautiful,  but  streets,  in  the  modern  sense 
of  the  word,  I  have  never  been  able  to  find.  Only  at  Iximch^  and  in  a 
few  religious  structures  (^ajacabaja,  Pasajon,  S.  Isidore),  have  I  found 
indications  of  such  a  design.  Generally  it  is  noticed  that  the  ruins  of 
the  principal  buildings  (tumuli  and  stone  structures)  show  no  definite 
arrangement.  A  similar  state  of  things  exists  even  now  in  many 
Indian  villages  which  have  never  been  subjected  to  the  Spanish  rule 
of  straight  streets,  intersecting  each  other  rectangularly.  They  show 
nothing  but  a  confused  conglomeration  of  separate  houses,  with 
crooked  and  much  intersected  ways  between  them,  but  with  no  streets 
in  our  sense  of  the  word.  As  the  church,  with  its  open  square  around 
it,  now  forms  the  center  of  these  villages,  it  may  be  that  the  groups  of 
public  buildings  may  formerly  have  also  formed,  as  it  were,  the  kernel 
of  similarly  shaped  settlements. 

The  old  Indian  towns  of  Guatemala  and  Chiapas  have  certainly,  in 
ordinary  times,  harbored  no  very  considerable  population,  for  the  space 
lying  within  the  fortification  line  is  generally  very  confined,  and  it  is 
highly  improbable  that  outside  of  this  line  other  parts  of  the  town 
should  have  been  added,  since  such  a  proceeding  would  in  war  times 
have  been  as  diastrous  for  those  who  lived  outside  as  for  the  fortress 
itself. 

It  may  be  argued,  on  the  other  hand,  that  the  older  Spanish  writers 
have  left  us  very  minute  descriptions  of  many  old  Indian  towns,  but  I 
must  confess  that  I  am  very  skeptical  as  to  their  accuracy  in  such  mat- 
ters. They  seem  to  have  indulged  with  great  pleasure  in  large  numbers, 
feeling  sure  of  not  being  contradicted.  Thus,  Fuentes  tells  us  that  the 
chief  commanders  of  the  Quiches,  Tecum  Uman,  in  the  year  1524,  had 
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drawn  72,000  warriors  from  the  capital,  Gumarcali  (Utatlan),  alone,  and 
tlie  royal  palace  of  Utatlan  was  said  to  have  been  728  steps  long  and  376 
steps  wide.  If  we  now  recall  these  astonishing  numbers  in  the  light  of 
the  ruins  of  Utatlan,  we  can  hardly  keep  from  smiling,  for  the  habitable 
surface  of  the  real  table-land  of  Utatlan  is  not  quite  100  meters  long^ 
and  would,  therefore,  at  best  not  be  able  to  contain  an  edifice  of  dimen- 
sions like  the  above  mentioned.  In  order  to  be  quite  certain  about  this 
question,  I  measured  the  plateau  by  walking  along  the  edges,  when  1 
visited  the  ruins  in  August,  1894,  with  my  brother  Eichard,  but  I  had 
not  the  time  necessary  to  measure  the  buildings  also.  We  agreed, 
however  upon  the  fact  that  the  principal  court  of  the  so-called  palacio 
is  only  100  yards  long  aud  60  yards  wide,  and  that  the  disi>osition  of 
the  surrounding  buildings  is  almost  identical  with  that  of  the  so-called 
Resguardo.  (I  have  inserted  in  the  plan  of  the  site  (fig.  10)  the  place 
of  the  most  important  buildings  from  memory,  because  I  subsequently 
saw  that  the  plan  in  Stephens's  Incidents  in  Travel,  page  235,  gives  an 
erroneous  impression.)  These  ruins  have,  moreover,  since  Stephens 
and  Oatherwood  visited  them,  suffered  much  from  dilapidation,  mainlj 
by  the  fault  of  diggers  for  treasures,  who  foolishly  turned  the  whole 
plateau  upside  down. 

It  might,  to  be  sure,  be  assumed  that  the  table-land  of  Utatlan  con- 
tained only  the  palace  of  the  ruler  with  the  accessory  buildings  and  the 
temples,  while  the  rest  of  the  city  might  have  covered  the  surrounding 
plain.  In  fact,  there  are  at  some  distance  from  Utatlan  a  few  tumuli 
rising  in  the  plain  which  might  be  considered  detached  forts,  built  to 
protect  the  parts  of  the  town  in  which  the  poorer  people  lived.  But  the 
Spanish  writers  say  nothing  of  such  an  outer  town,  and  the  surface  of 
Utatlan  is  no  smaller  than  that  of  many  other  Indian  fortified  places 
like  Saculeu,  Comitancillo,  Iximch6,  and  others. 

The  nature  of  old  Indian  centers  of  population  differed,  of  course, 
according  as  the  settlement  was  made  principally  for  defense  or  for  the 
performance  of  religious  worship,  or  merely  for  the  maintenance  of  a 
king  or  a  prince.  In  the  tablelands  of  Guatemala  and  Chiapas,  where 
a  number  of  warlike  peoples  and  independent  hostile  tribes  of  one  and 
the  same  nation  dwelt  in  close  proximity  to  each  other,  the  fortified 
character  of  their  buildings  naturally  prevails,  and  they  usually  con- 
tained also  the  palaces  of  their  rulers,  and  the  temples  of  the  deities.^ 
Nature  here  offered  in  abrupt  eminences,  which  were  entirely  or  par- 
tially severed  from  the  adjoining  table-land  by  deep  ravines,  or  on 
mountains  with  a  level  plain  on  their  summit,  places  that  could  easily 
be  defended  and  were  really  used  for  that  purpose  by  the  Indians.  In 
building  towns  here,  where  nature  had  limited  the  space,  the  builders 


>  At  times  the  princes  also  lived  in  open  towns  wliich  they  abandoned  at  the  oat- 
broiik  of  war,  withdrawing  into  near  fortified  places,  as  in  the  year  1525  Caibil- 
Balain,  King  of  the  Mames,  retired  at  the  approach  of  the  Spaniards  under  Gonialo 
de  Alvarado  from  his  capital,  Chinabhul  (Huehnetenango),  to  the  fortress  SaciUen. 
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saw  themselves  compelled  to  crowd  the  structures  as  much  as  could  be 
doue,  and  this  closely  compressed  disposition  is  hence  characteristic  of 
the  ground  plans  of  towns  on  the  table-land  of  Chiapas  and  Guatemala. 

As  an  example,  I  may  here  mention  the  well-known  ruins  of  Tonind 
(that  is,  stone  house),  of  which,  however,  I  have  only  drawn  the  upper 
part  {hg.  8a).  The  mass  of  the  ruins  lies  upon  a  narrow  ridge  of  hills, 
which  in  the  direction  of  Tonin4  Creek,  terminates  the  principal  build- 
ings (shown  in  fig.  8a)  at  the  eastern  end  of  the  same.  Already, 
below  in  the  plain,  considerable  artificial  hills  are  found.  Then  we 
ascend  four  distinct  terraces,  also  quite  high  and  artificially  produced, 
the  second  of  which  is  tolerably  wide  and  bears  some  cross  tumuli;  and 
thus  we  reach  at  last  the  fifth,  with  the  palacio  (stone  house  E),  which 
since  Stephens's  visit  has  evidently  suffered  much.  Higher  up  still 
stand  the  two  great  pyramids.  All  the  buildings  are  closely  crowded 
to  save  space  and  evidently  mainly  intended  for  defense. 

In  Yucatan,  however,  where  the  supply  of  water  was  always  a  seri- 
ous question,  and  where  nature,  moreover,  had  not  provided  such  easily 
defensive  localities,  the  principal  buildings  are  much  more  freely  scat- 
tered about,  and  some  of  them  might  have  served  for  defense.  But  the 
whole  arrangement  is  such  and  the  decoration  of  the  outer  walls  so  pro- 
fuse, that  these  towns  must  rather  be  looked  upon  as  places  of  residence 
for  their  princes  and  high  priests  than  as  fortified  places.  It  is  true 
that  I  know  only  a  very  few  such  settlements  in  Yucatan,  but  if  I  may 
judge  from  Charnay's  statements  and  from  the  still  unpublished  plans, 
drawings,  and  photographs  of  Mr.  Tompson,  in  Merida,  a  like  scattered 
disposition  seems  to  prevail  elsewhere  as  well  as  inUxmal  or  Tzibinocac. 

The  southernmost  Maya  buildings,  that  is  to  say,  the  town  ruins  in 
Peten,  like  S.  Clemente,  and  especially  grandiose  Ticul,  show,  on  the 
other  hand,  clearly  that  they  were  intended  for  fortifications.  The 
crowded  position,  the  variety  of  isolated  buildings,  and  the  arrange- 
ment of  many  around  a  court,  each  one  of  which  formed  a  new  center 
for  defense,  prove  this  beyond  all  doubt.  In  spite  of  Mr.  Maudslay's 
careful  researches,  we  have  as  yet  no  really  complete  account  of  Ticul, 
and  I  was  unfortunately  unable  to  trace  the  ground  plan  of  these  grand 
old  town  ruins,  which  are  slumbering  here  in  the  shade  of  primitive 
forests.  I  can  only  say  that  here  may  be  seen  a  whole  series  of  easily 
defensible  courtyards,  which  in  part  lie  in  the  form  of  terraces  one 
above  the  other,  while  in  the  vicinity  of  the  principal  court,  surrounded 
by  magnificent  buildings  of  stone,  a  number  of  steep,  defiant  pyramids 
arise,  each  bearing  a  grand  stone  building  on  the  summit. 

Much  simpler  and  less  important,  and  on  that  account  also  much 
more  easily  understood,  are  the  ruins  of  S.  Clemente  (fig.  9),  which 
had  long  remained  unknown,  concealed  as  they  were  in  the  forest, 
although  they  were  within  200  yards  of  the  riding  path  from  Peten  to 
Belize.  The  ruins  cover  a  somewhat  long  hill,  over  which  the  buildings 
were  so  scattered  that  they  formed  a  number  of  courtyards  or  squares. 
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almost  everyone  of  which  might  have  been  most  easily  defended  by 
itself.  The  courts  B  and  O  are  on  the  same  level,  while  the  square 
marked  A  is  one  story  higher,  and  the  square  D,  separated  from  A  by 
a  narrow  ravine,  lies  perhaps  4  meters  higher.  The  stone  houses  I  and 
II  show  on  the  outside  only  a  smooth  wall,  at  the  foot  of  which  begins 
a  sheer  precipice.  The  rooms  in  I  and  II  are  accessible  from  it,  but 
the  stone  house  III  has  its  doors  of  entrance  on  the  south  side,  now 
sadly  in  ruins,  Irom  whence  they  can  easily  be  reached  across  a  steep 
parapet.  The  upper  plateau  of  III  continues  eastward  at  the  same 
height,  so  that  the  continuation  (Ilia)  viewed  from  B  looks  two-storied, 
until,  at  the  end  of  the  edifice,  it  becomes  once  more  one- storied.  A 
narrow  passage  leads  from  the  southwestern  corner  of  B  through  Ilia 
to  C.  The  western  termination  of  B  is  formed  by  a  wall,  which  rises 
as  high  as  the  square  A;  the  eastern  and  northern  ends  consist  simply 
of  stone  walls,  and  in  the  same  way  the  eastern  and  western  termina- 
tions of  C  and  E.  The  walls  4  and  5  are  built  of  cut  stone  and  3  to  4 
meters  high.  On  top  of  the  rampart  9  a  small  much-decayed  stone 
house  is  standing.  Between  G  and  D  two  tall,  strongly-built  stoue 
houses  are  seen,  each  of  which  contains  but  a  single  room,  open  to  the 
north,  upon  high  artificially  modified  eminences.  What  is  very  remark- 
able is  that  at  the  foot  of  the  hill,  looking  toward  the  northwest,  a 
round  hole  has  been  found,  barely  large  enough  to  let  a  man  pass 
through.  This  leads  to  a  subterranean  story  below,  which  I,  however, 
did  not  dare  to  examine,  as  I  had  neither  a  rope  nor  sufficient  light. 

In  the  former  Choi  territory  also  similar  connections  of  houses  seem 
to  exist,  built  in  the  shape  of  terraces  side  by  side  (e.  g.,  Las  Quebra- 
das).  Copan,  also,  otherwise  in  its  disposition  perhaps  the  most 
remarkable  creation  of  Indian  architecture,  shows  certain  features  of 
the  same  system. 

The  ruins  in  southern  Yucatan  are  inferior  in  extent  to  those  of  the 
Maya  territory.  They  often  display  the  clearly  pronounced  character 
of  fortifications,  walled-in  courtyards  on  high  hills  (as  in  Ixtinta,  fig.  2) 
or  extensive  stone  walls,  or  buildings  on  high  passes,  as  upon  the 
height  of  Caca  de  Xkauja,  which  may  have  served  for  the  defenses,  but 
may  also  have  been  used  by  travelers  for  the  offering  of  prayers  and  of 
sacrifices  (fig.  3).  At  all  events,  the  type  of  fortified  places  is  less  pro- 
nounced here  than  in  Peten.  The  buildings  are  less  crowded,  and  the 
houses,  built  of  stone,  show  much  more  careful,  almost  artistic,  treat- 
ment of  the  outer  walls.  On  the  other  hand,  the  structures  are  still 
not  quite  as  much  scattered  as  in  the  towns  of  northern  Yucatan,  ami 
they  lack  the  ornamental  sculptures  of  the  latter,  so  that  the  ruins  of 
southern  Yucatan  occupy  an  intermediate  position  between  the  edifices 
of  northern  Yucatan  and  those  of  Peten. 

In  like  manner  we  find  in  Mench^  Tenamit  certain  features  which 
connect  Tical  with  Palenque,  and  Touinil  recalls  in  its  buildings  the 
towns  of  the  lowlands,  but  follows  in  the  arrangement  entirely  the  habits 
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of  the  tribes  on  the  highlands.  There  can  be  no  doubt  that  the  cul- 
ture of  a  nation  in  northern  Central  America  has  always  had  its 
influence  on  the  neighboring  tribes,  and  thus  we  notice  frequently, 
especially  in  frontier  districts,  features  which  remind  us  of  the  puculi- 
arities  of  the  architecture  of  adjoining  districts.  The  isolated  western 
court  of  Ghama  presents  very  clearly  the  type  of  Verapaz,  while  the 
eastern  buildings  remind  us  more  of  the  Choi  buildings,  and  thus  also 
the  ruins  of  Pueblo  Viejo,  whilst  the  nearly  adjoining  ruins  of  Ghacujal, 
which  probably  once  formed  part  of  the  whole,  are  entirely  original. 

In  Verap.iz  we  know  only  of  smM  ruins  of  edifices,  which  in  their 
simplicity  contrast  strikingly  with  the  more  complicated  disposition  of 
buildings  in  the  settlements  of  both  the  lowland  and  the  highland  dis- 
tricts, although  they  share  with  them  the  fundamental  type  of  a  court- 
yard walled  in  all  around  or  only  in  part,  within  which  ordinarily  small 
terraced  pyramids  have  been  standing.  We  also  know  of  fortifications 
attempted  in  Yerapaz,  such  as  walls  closing  a  narrow  pass  (at  Las 
Pacayas),  or  mountain  summits  fortified  or  rendered  inaccessible  by 
piled-up  masses  of  stone,  e.  g.  Yaltenamit.  As  I  have  not  examined 
the  few  remains  of  settlements  which  I  know  near  Elbarrizal  and  Gua- 
temala, I  am  not  able  to  state  whether  the  ruins  within  the  Pokomani 
territory  bear  the  Verapaz  imprint  or  the  character  of  the  highlands. 

Old  Indian  establishments  for  purposes  of  worship  have  been  com- 
paratively rare(e.  g.,  Kalamte)  and  they  also  (as,  for  instance,  Sajacabaja, 
Copan)  were  at  the  same  time  arranged  for  defenses,  as  of  course  the 
temple  buildings  with  their  walled-in  courtyards  and  their  terraced 
pyramids  furnished  groups  of  buildings  that  could  easily  be  defended. 
Palenque  I  consider,  with  Charnay,  a  city  for  priestcraft  and  higher 
culture,  also  Quirigu^i  and  the  ruins  on  the  Bio  de  la  Pasion,  where  F. 
Artes  in  1892,  commissioned  by  the  Guatemalan  Government,  obtained 
photographs  of  the  monoliths  and  exhibited  them  at  the  Chicago 
Exposition. 

A  survey  of  the  ruins  within  the  Maya  territory,  as  far  as  they  are 
known  to  us,  convince  us  that  everywhere  the  fundamental  type  of 
inclosed  courtyards  reappears.  In  the  highlands  of  Chiapas  and 
Guatemala  the  disposition  of  the  buildings  is  compact,  since  the  build- 
ings bore  mainly  the  character  of  fortifications,  and  on  that  account 
localities  were  chosen  which  were  naturally  already  confined,  such  as 
ravines,  sudden  precipices,  etc.  In  Peten  also  the  buildings  are  much 
crowded,  evidently  on  account  of  warlike  events  which  then  occurred, 
although  on  the  whole  the  settlements  in  the  lowlands  are  more  open 
and  without  any  signs  of  defensive  works  in  the  foreground. 

In  all  Maya  ruins  the  buildings  are,  if  not  uniformly,  at  least  very 
generally,  built  so  as  to  face  a  certain  direction;  among  the  lowland 
tribes,  toward  the  cardinal  points.  In  the  Verapaz  tribes  and  among 
the  Quiches,  Tzutuhiles,  Uspantecos,  Aguacatecos,  and  other  high- 
land tribes  (the  Tzendal  group,  Mame   group,  and  Cakchiquel),  the 


544  INDIAN   SETTLEMENTS   IN  CENTRAL   AMERICA. 

buildings  face  more  generally  in  intermediate  directions,  but  always  io 
such  a  manner  that  within  each  town  one  certain  direction  prevailed. 

In  eastern  Chiapas  I  have  seen  at  Mazapa  and  Motozintla  certain 
ruins  which  differ  from  the  Maya  type,  although  the  people  there  now 
speak  Maya  languages.  Besides  other  peculiarities,  the  absence  of 
clearly  defined  courts  must  be  noticed  and  the  long  drawn  out  charac- 
ter of  the  general  plan  (see  fig.  11).  Quite  near  by,  at  Chinialapal.  I 
saw  from  a  distance  old  Indian  settlements,  with  clearly  defined  courts 
of  the  Maya  type,  facing  the  cardinal  points  (fig.  13). 

In  the  Chiapas  territory  no  such  clearly  defined  courts  as  the  Mayas 
have  can  be  found.  The  courts,  if  at  all  existing,  are  not  completely 
walled  in,  the  buildings  do  not  seem  to  face  any  one  direction  decidedly, 
but  to  be  scattered  about  without  any  rule.  The  choice  of  locality, 
however,  and  walls  evidently  built  for  defensive  purposes,  show  clearly 
that  the  builders  intended  to  give  to  the  whole  the  character  of 
fortifications. 

In  western  and  southern  Chiapas,  in  Soconusco  and  southern  Guate- 
mala, I  found  but  few  old  Indian  settlements,  and  those  I  did  see  were 
so  completely  ruined  that  I  was  not  able  to  discern  any  striking 
peculiarities. 

In  the  territory  of  the  northern  Pipiles,  in  the  upper  Motagua  Val- 
ley, and  in  lower  Yerapaz,  I  have  frequently  seen  traces  of  old  Indian 
settlements,  but  they  were  almost  completely  efliiced  and  beyond  rec- 
ognition. The  ruins  near  S.  Agustin  Acasaguastlan  are  long  stretched 
out,  resting  in  one  direction  on  a  mountain  slope,  somewhat  like  the 
ruins  of  Mazapa.  They  show  terraces  and  half  courts  and  always  face 
the  cardinal  i)oints. 

2.  SINGLE  BUILDINGS  AND  GROUPS  OF  BUILDINGS. 

I  have  above  called  attention  to  the  fact  that  the  Indians  of  northem 
Central  America  lived  in  the  days  before  Columbus  in  straw  huts,  as 
they  do  now,  and  there  is  no  reason  to  assume  that  they  have  changed 
since  in  the  construction  of  their  houses.  There  existed,  therefore,  in 
those  days  the  same  difference  in  building  among  the  various  tribes 
and  groui)S  of  tribes  as  I  have  been  able  to  see  in  the  present  time  and 
to  describe  elsewhere.^ 

For  the  larger  buildings,  however,  and  esi)ecially  for  the  substruc- 
ture, other  materials  were  employed  which  promised  greater  durability. 
Where  civilization  was  still  lagging  behind,  walls  of  earth  and  of  stone 
had  to  suffice,  or  terraced  pyramids  were  erected  of  the  same  material 
and  probably  bore  on  the  summit  wooden  structures  adapted  to  tbe 
desired  purpose. 

The  most  primitive  shape  of  these  walls  were  probably  simple  walls 

^ContributioDS  to  the  Ethnography  of  the  Republic  of  Guatemala  (Petermann's 
Mitteil.,  1893,  p.  12  ff )  and  contributions  to  the  Ethnography  of  Sontheaat  Mexico 
and  British  Honduras  (same  joamal,  1895,  p.  177). 
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Phimcip*l  Parts  of  the  Roins  of  Tonin*,  near  Ocosinqo  (Chiapas). 
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of  earth  which,  as  refinement  increased,  were  incased  in  a  covering  of 
stone.  Frequently,  however,  the  whole  wall  was  built  of  stone,  and 
even  the  terraced  pyramids  consisted  only  of  a  kernel  of  earth,  some- 
times containing  stone  chambers  within,  while  a  covering  of  stone  on 
the  outside  gave  to  the  building  a  suitable  outward  form  and  durability. 
This  is  the  point  of  development  where  the  majority  of  the  buildings 
of  Chiapas,  southern  Guatemala,  and  Yerapaz  remained  stationary, 
and  even  among  the  Maya  tribes,  who  are  so  much  further  advanced, 
similar  structures  are  still  met  witli.  At  this  time  the  stones  that  form 
the  outer  case  were  either  not  cut  at  all  or  only  roughly;  really  well- 
cut  stone  is  very  rarely  met  with  in  such  structures.  This  depended, 
naturally,  very  largely  on  the  nature  of  the  stone  found  in  these  dis- 
tricts. In  Alta  Verapaz  and  parts  of  central  Chiapas  the  material  is 
an  easily  split  dolomite  or  limestone;  in  the  Chiapas  and  Motozintla 
districts  granite  prevails;  in  the  districts  of  the  Tzotzil  and  the 
southern  Pipiles  other  eruptive  stones  of  more  recent  origin,  which 
the  Indians  with  their  extremely  imperfect  tools  must  have  found  very 
hard  to  cut.  The  same  diflBculty  no  doubt  also  accounts  for  the  fact 
that  we  find  in  the  highlands  of  Guatemala  and  Chiapas  compara- 
tively few  sculptures  in  stone,  and  that  wherever  any  are  found  the 
nature  of  the  material  on  hand  has  been  specially  favorable.  Andesite, 
of  recent  origin  or  disunited,  has  frequently  been  used  for  the  purpose, 
more  rarely  sandstone  or  even  limestone;  for  small  articles  sometimes 
argillaceous  schist,  but  never  dolomite.  In  proportion  as  the  available 
stone  material  was  less  fit  for  building  and  sculpture  the  love  of 
ceramics  increased,  and,  to  mention  but  one  example,  the  Indians 
of  Alta  Verapaz  remained  far  behind  their  neighbors  in  all  that  con- 
cerned architecture;  but,  on  the  other  hand,  they  furnished  pottery  of 
such  admirable  good  taste  and  true  artistic  skill  that  they  do  not  seem 
to  have  been  surpassed  by  any  of  the  Maya  tribes.  This  would  lead 
to  the  conclusion  that  architecture  is  not  a  standard  by  which  we  can 
measure  the  culture  possessed  by  a  people,  because  the  absence  of 
suitable  material  may  easily  interfere  with  their  development  and  force 
their  artistic  predilections  into  other  channels.  Nor  must  it  be  for- 
gotten that  architecture  is  fostered  and  improved  in  proportion  as  it  is 
favored  by  a  nation  politically  and  financially  powerful.  This  seems 
to  have  been  much  less  the  case  in  Alta  Yerapaz  than  in  Yucatan  or  in 
the  highlands  of  Guatemala. 

Edifices  consisting  merely  of  earth  and  of  stone,  simply  piled  one 
ux)on  the  other,  are  generally  found  in  a  lamentable  condition,  and  it 
is  but  rarely  x)ossible  to  trace  the  outlines  of  such  buildings  accurately. 
The  same  difficulty  applies  to  the  nature  of  the  steps  which  are  almost 
always  found  on  pyramids,  and  frequently  on  ramparts.  As  far  as  my 
researches  go,  the  ground  plan  is  generally  square,  rarely  (by  cutting  off 
the  comers)  of  five  or  more  sides,  but  in  spite  of  these  variations,  in  the 
upper  part  of  the  buildings,  square  once  more.  Bound  foundations 
SM95 36 
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I  have  never  been  able  to  trace  with  any  certainty;  a  careful  inves- 
tigation led  me  in  almost  every  case,  even  in  apparently  round  or 
rounded-off  structures,  to  trace  the  originally  rectanguhir  lines.  The 
steps  in  the  Maya  buildings  seem  always  to  have  been  produced  by  an 
alteration  of  horizontal  with  perpendicular  or  nearly  perpendicular 
planes;  they  are  at  the  same  time  usually  of  the  same  height  and 
depth.  A  very  striking  difference  appears,  however,  in  the  structures 
of  the  Chiapas  and  Motozintla  tribes,  as  they  ascend  sideways  and 
leave  only  a  small  space  horizontally  open  (fig.  11a).  It  is  possible  that 
this  peculiarity  betrays  a  certain  dependence  on  the  building  material, 
as  the  rolling,  rounded-off  bowlders  of  granite  which  abound  in  that 
region  can  not  very  easily  be  piled  up  perpendicularly,  and  hence  the 
building  would  acquire  greater  durability  by  steps  ascending  in  a  side 
wise  direction.  However  this  may  be,  the  fact  is  that  the  method  of 
building  here  ditit'ers  essentially,  and  I  feel  justified  in  concluding  from 
it  that  the  districts  of  Motozintla  and  Mazax)a,  where  now  Maya  idioms 
are  in  use,  were  formerly  inhabited  by  a  race  of  foreign  origin.  What 
race  of  men  this  may  have  been  I  can  not  even  guess;  I  only  believe 
that  they  could  not  even  have  been  Chiapas,  partly  because  the  build- 
ings in  the  Motozintla  district  seem  to  be  more  carefully  arranged  thau 
among  the  Chiapas  and  partly  because  in  front  of  several  tumuli  in 
Masapa  and  Motozintla  (fig.  2^  A,  B,  and  C)  carefully  wrought  pave- 
ments of  fiat  granite  tiles  may  be  seen,  such  as  1  have  until  now  never 
met  with  in  the  Chiapas  district. 

When  we  meet  witli  perpendicular  or  nearly  perpendicular  walls  of 
cut  stone  we  may  assume  that  this  indicates  a  higher  style  of  archite('- 
ture,  even  though  these  walls  may  be  erected  without  the  aid  of  mor- 
tar. Such  buildings  are  met  with  here  and  there,  as  in  S.  Agnstiu 
Acasaguastlan,  frequently  also  in  towns,  where  .already  stone  houses 
are  found  standing,  e.  g.,  the  stone  tumuli  4  and  5  in  the  court  C  of  the 
ruins  of  S.  Clemente  (fig.  9).  The  most  remarkable  of  such  edifiees 
are  those  of  Chaciyal  (Alta  Verapaz),  where  primitive  argillaceous 
slate,  carefully  carved  on  the  outside,  has  been  employed  without  any 
kind  of  cement  for  the  purpose  of  raising  perpendicular  or  very  steep 
walls,  and  which  bear  on  the  upper  platform  a  kind  of  parapet.  The 
inner  kernel  of  these  walls  consists  of  rounded-off  river  shingles.  1 
have  never  found  this  same  method  of  building  anywhere  else. 

Still  greater  progress  in  architecture  is  seen  in  those  structures  on 
the  high  table-land  of  Guatemala,  in  which  the  stones  forming  the  walls 
are  held  together  by  an  abundant  use  of  mortar.  Mortar  is,  by  the 
way,  also  found  elsewhere  (e.  g.,  in  Alta  Verapaz),  but  not  to  such  an 
extent  that  its  use  should  have  essentially  influenced  architecture. 
Even  in  Iximch^,  mortar  seems  to  have  been  but  of  secondary  impor- 
tance. In  Kalamti^  and  Comitancillo,  in  Utatlan  and  Saculeu,  hovr- 
ever,  many  edifices  consist  simply  of  walls,  and  in  order  to  secure  steps 
these  walls  were  erected  perpendicularly;  but  where  higher  walls  had 
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to  be  raised  without  steps  they  were  erected  with  a  steep  inelinatiou, 
and  separate  staircases  led  up  to  the  platforms.  And  it  was  the  same 
with  terraced  pyramids  that  had  especially  high  steps.  A  casing  of 
smooth  mortar  formed  the  outer  covering  of  these  walls.  Similar  appli- 
cations of  liquid  mortar  formed  the  floor  of  the  more  important  places 
and  of  the  platforms  of  tumuli.  In  Utatlan,  even  now  and  in  spite  of 
the  general  destruction  of  the  buildings,  traces  may  be  seen  of  paint- 
ings on  the  walls,  and  on  some  of  the  platfonns  the  evidently  griev- 
ously injured  casing  of  mortar  has  been  covered  by  a  second  and  even 
a  third  application. 

In  the  highlands  of  Chiapas,  these  last-mentioned  architectural  forms 
seem  to  be  wanting,  and  the  tribes  of  the  Mam  and  the  Quiche  family 
appear  therefore  to  be  in  some  way  technically  opposed  to  the  Tzeudal 
group.  Yet  the  highland  tribes  of  Guatemala  and  Chiapas  show  not 
only  in  the  manner  of  laying  out  their  towns,  but  also  in  the  erection 
of  any  definite  temples,  a  surprising  uniformity.  We  speak  of  a 
temple  building  consisting  of  two  main  structures  which  are  alike,  lie 
parallel  to  each  other,  and  display  on  the  side  that  faces  the  other  a 
small,  low  terrace  resembling  a  trottoir.  Between  these  two  edifices 
the  temple  court  appears,  deeply  sunk,  but  spreading  out  wider  beyond 
the  two  main  buildings  and  almost  altogether  walled  in,  so  that  the 
shape  of  the  court  assumes  a  resemblance  to  a  large  letter  H  or  I. 
From  El  Sacramento  in  Chiapas  to  Sajacabaja  and  Kalamte  these 
H -shaped  temple  courts  reappear  with  the  same  ground  plan,  but  yet 
each  one  has  its  somewhat  modified  form.  I  insert  a  few  slight  sketches 
of  such  courts  (figs.  12  and  10a). 

It  is  very  remarkable  that  in  Ixrmch^  this  kind  of  temple  buildiug 
is  altogether  wanting,  or  at  least  there  are  hardly  any  trjices  of  such 
fundamental  ideas  to  be  discovered  there,  and  yet  the  Cakchiquel 
have  displayed  in  their  architecture,  which  they  have  developed  with 
great  originality,  no  small  correspondence  with  the  same  art  among 
their  neighbors.  Thus  we  find  in  Iximche  a  rectangular,  lengthy 
tumulus  ("A"  in  Briihl's  Plan  of  Iximche,  Globus,  vol.  06),  the  platform 
of  which  is  walled  all  around,  and  this  shows  a  courtyard  which, 
relatively  to  the  edges  of  the  tumulus,  is  sunk  dieeply.  The  same 
manner  of  building  I  found  twice  in  Sajacabaja  and  once  in  Saculeu, 
though  here  not  quite  according  to  the  type. 

It  may  be  presumed  that  on  all  the  edifices  which  have  so  far  been 
discussed,  unless  they  were  intended  to  serve  exclusively  for  defense, 
wooden  huts  must  have  been  standing  on  the  uppermost  platforms, 
\vhich  either  contained  the  images  of  their  idols  or  may  have  served  as 
reception  rooms  or  residences  for  eminent  personages.  Among  the 
lowland  tribes  of  the  Maya  family,  however,  architecture  has  taken 
u  step  further  in  advance  by  substituting  for  these  mere  wooden  build- 
ings structures  of  stone  with  durable  and  habitable  inner  rooms.  The 
fact  that  in  Yucatan,  northeast  Chiapas,  and  in  Peten  well- stratified, 
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level  limestone  appears,  lias  evidently  caused  and  favored  this  improve- 
ment, as  the  appearance  of  finely  grained  limestone,  resembling  tbe 
slate  of  Solenhofen  at  Palenqae  and  Mench6  Tenamit,  must  have  caused 
the  flourishing  industry  of  relievo  painting  in  that  district.  In  the 
Ghorti  territory,  where,  near  Copan,  an  easily  worked  building  material 
appears  in  abundance  (a  decomposed,  eruptive  stone),  architectuie  has 
progressed  in  a  very  peculiar  manner,  but  the  stone  houses,  while  other- 
wise apparently  of  the  same  construction,  appear  less  large  and  impos- 
ing than  in  the  more  northern  districts.  In  the  low  plains  of  Tabasco 
(Gomalcalco)  the  Indians  (Chontal)  have  erected  stone  houses  by  the 
help  of  an  artificially  produced  building  material  (bricks),  beyoud 
doubt  in  imitation  of  the  stone  houses  of  their  eastern  and  northeastern 
neighbors. 

Stone  houses,  so  far  as  is  now  known,  have  not  been  built  by  any 
but  the  lowland  Maya  family  m  North  Central  America — that  is,  by  the 
Mayas  and  the  tribes  of  the  Choi  group  (Choles,  Chontales,  and  Chor- 
ties).  These  are  the  same  tribes  which  even  now  differ  from  the  other 
Maya  people  by  certain  peculiarities  in  their  house  architectore 
(advanced  walls).  Such  stone  structures  as  the  Mam  and  the  Quiche 
tribes  possess  are  here  entirely  wanting,  as  are  also  the  temple  courts 
resembling  the  letter  H. 

In  the  territory  of  the  Chontales  only  the  ruins  of  Gomalcalco,  and 
in  that  of  the  Chorties,  only  those  of  Copan  are  known  tolerably  well. 
As  I  do  not  know  the  former  from  personal  knowledge,  and  daring  my 
visit  to  the  latter  (January,  1894)  only  found  a  beginning  made  of  a 
more  careful  examination,  I  can  add  nothing  new  to  what  has  been 
stated  before.  I  limit  myself,  therefore,  in  the  remarks  that  follow  to 
the  observations  which  I  made  in  the  Choi  territory  in  Peten  and 
Yucatan. 

The  ground  plan  of  almost  all  stone  houses  is  rectangular,  and 
wherever  wings  or  other  additions  appear  they  also  are  rectangularly 
added  to  the  main  building.  In  Yucatan  I  saw  several  rounded-off 
edges  on  tower-like  side  wings  (Ixtinta,  Tzibinocac),  and  I  thought  it 
remarkable  that  these  exceptions  from  the  general  rule  should  occur 
there  alone,  where  the  dwelling  houses  of  the  Indians  uniformly  show 
rounded -off  ground  plans. 

These  stone  houses  are  in  their  simplest  form  narrow  buildings  with 
but  one  inner  apartment,  to  which  access  is  had  from  the  side  of  a 
passage  (e.  g.  the  stone  houses  V,  VI,  and  VII  in  S.  Clemente).  Where 
the  buildings  show  any  progress,  the  one  inner  room  appears  sub 
divided  by  niches,  passages,  and  additions,  and  is  approa<3hed  by 
several  doors  of  entrance  on  one  side  (fig.  5a,  the  principal  temple  ot 
Mench6  Tenamit),  or  several  separate  rooms  are  found  in  the  same 
stone  house,  connected  with  each  other,  but  each  having  its  own  means 
of  entrance  from  without — e.  g.  the  stone  houses  I,  II,  and  III  in  S. 
Clemente,  fig.  9.    If  architecture  has  made  still  greater  progress  we 
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find  two  or  three  rows  of  rooms,  one  behind  the  other,  which  are  con- 
nected with  each  other  and  have  exits,  on  one  or  the  other  of  their 
longer  sides  (fig.  7).  It  is  not  my  intention  here  to  pursue  the  almost 
boundless  variety  of  plans  of  stone  houses  at  the  various  places  of 
ruins;  I  only  mention  here  that  where  architecture  has  progressed  still 
further,  side  wings  are  found — added  to  the  main  building  (barely  indi- 
cated in  fig.  7,  Ticul,  more  clearly  in  the  stone  houses  of  Tzibiuocac, 
fig.  4,  and  Ixtinta,  fig.  1),  or  the  building  incloses  a  court  partly  (Ticul, 
fig.  6)  or  entirely  (Palenque,  Uxmal).  In  Palenque  the  front  wall  is 
sometimes  reduced  to  a  number  of  pillars  by  the  frequency,  the  height 
and  width  of  the  door  openings,  so  as  to  change  the  wide,  outer  room 
in  its  great  length  into  a  kind  of  well-lighted  portico. 

The  stone  houses  of  Tonind,^  the  only  ones  known  to  exist  in  the 
territory  of  the  Highland  tribes,  are,  as  far  as  the  ground  plan  is  con- 
cerned, most  nearly  related  to  the  structures  at  Palenque. 

The  outer  walls  of  the  stone  houses  rise  either  perpendicularly  or 
they  are  steeply  inclined,  parts  occasionally  extend  even  beyond  the 
foot  of  the  walls.  On  the  whole,  however,  the  horizontal  section  through 
the  building  diminishes  in  proportion  as  it  is  made  at  a  greater  height — 
that  is,  the  building  grows  smaller  from  below  upward.  The  outer 
walls  are  partly  shaped  by  a  smooth  layer  of  mortar  (so  usual  at  Peten), 
partly  adorned  with  stucco  (Menchd  Tenamit,  a  few  houses  in  Ticul), 
partly  ornamented  with  separate  tablets,  showing  images  or  hiero- 
glyphics (Palenque),  or  cased  with  a  smooth  covering  of  stone  (South 
Yucatan),  which  in  Forth  Yucatan  is  adorned  with  sculptures.  The 
substance  of  these  buildings  inside  the  casing  consists,  where  no  well- 
stratified  calcareous  schists  arefouud,  of  bowlders  and  an  abundance  of 
mortar. 

All  around  the  edifice  continuous  cornices  are  seen,  which  produce 
the  appearance  of  a  building  of  several  stories,  as  they  occur  at  almost 
equal  distances,  one  above  the  other.  This  impression  is  aided  by 
the  fact  that  the  external  divisions  of  the  outside  occur  exactly  at  the 
place  where  the  cornices  appear.  Thus  one  meets  with  buildings  of  one 
or  four  stories,  though  ordinarily  they  are  only  of  two  or  three  stories. 
Sometimes,  again,  certain  parts  of  a  stone  house  are  higher  than  others, 
and  when  in  this  way  (as  in  the  stone  houses  of  Ixtinta  and  Tzibanocac) 
the  main  body  and  the  wings  seem  to  be  of  different  height,  such 
structures  gain  a  certain  variety  of  forms  which  is  pleasantly  felt  in 
contrast  with  the  general  uniformity  of  all  Maya  buildings. 

The  inner  rooms  of  stone  houses  are  small  and  rather  badly  lighted, 
since  no  daylight  enters  except  through  the  door  openings.  Only 
rarely  little  low  windows  are  found,  which  are  pierced  through  the 

1  lu  Kalanit6  I  saw  the  scanty  remains  of  a  smaU  stone  house,  the  thin  waHs  of 
which,  however,  caused  the  presumption  that  these  could  not  have  supportt^d  a 
massive  upper  story,  such  as  is  character iHtic  of  Maya  buildings.  It  seems,  therefore, 
to  have  been  a  different  kind  of  construction. 
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outer  walls,  if  they  do  not  contain  several  inner  rooms  of  tbe  same 
house  (Ticul,  fig.  6).  The  upper  closing  of  a  room  is  brought  about 
by  the  gradual  approach  of  the  longitudinal  walls,  till  they  are  near 
enough  to  each  other  to  allow  the  space  between  to  be  closed  by  a  few 
flat,  stone  tiles.  This  reduction  of  space  is  produced  by  overreaching 
stones,  each  upper  row  protruding  over  the  one  below.  The  edges  thus 
produced  are  smoothed  over  with  mortar  (e.  g.,  in  Toninafig.  8b)  or  they 
are  entirely  concealed.  Where  more  careful  work  was  required,  the 
stones  were  cut  obliquely,  so  that  when  laid  one  upon  the  other  they 
would  show  a  straight-lined  reduction  (fig.  7b,  in  Ticul),  and  in  Uxmal 
may  actually  be  seen,  in  a  few  cases  at  least,  a  few  slightly  curved  lines 
of  reduction,  convex  or  concave.  Between  the  two  walls  which  are 
thus  treated  to  lead  to  a  closing  above  there  are  commonly  found  some 
cross  pieces  of  wood,  generally  zapote  wood,  which  were  meant  to 
increase  the  durability  of  the  structure,  and  perhaps  in  dwelling 
rooms,  to  suspend  hammocks.  Above  the  door  openings,  which  are 
simply  covered  flat  at  the  top,  without  any  effort  to  api)roach  the 
sides,  strong  cross  beams,  mostly  of  zapote  wood,  serve  as  Bupports; 
in  Palenque  and  Mench6  Tenamit  huge  slabs  of  stone.  Where  the 
inner  rooms  are  long  and  narrow,  only  the  long  sides  are  shortened; 
on  the  two  short  sides  the  walls  go  up  straight  and  unreduced;  but  if 
the  four  sides  do  not  differ  much  (as  in  Toninii),  all  are  shortened  in  tbe 
above-mentioned  way.  In  small  and  narrow  passages  the  closing  is 
brought  about  by  horizontal  slabs  of  stone.  In  Tonina  a  peculiar  way 
of  forming  a  ceiling  is  noticed  as  shown  in  fig.  8b. 

The  inner  rooms  of  a  stone  house  are  generally  of  the  same  height. 
Staircases  in  the  interior  of  houses,  I  have  never  seen — excepting  tbe 
famous  tower  of  Palenque — unless  it  be  in  the  tower-like  raised  side 
wings  of  Ixtinta,  where  they  only  lead  on  the  outside  to  the  upper  plat- 
form.^ 

The  inner  rooms  of  Maya  stone  houses  are,  as  a  rule,  lacking  in  orna- 
ments; only  rarely  wall  paintings  are  seen  (as  in  Chichenitzii,  Tonina, 
Tzibinocac),  or  stucco  ornamentations  (Tonin^i),  or  in  separate  niches 
relievo  tablets  and  hieroglyphics  (Palenque),  or  statues  (Mench^ Tena- 
mit). Moat  structures  of  this  kind  show  their  primapal  ornamentation 
on  the  outside.  The  outside  of  stone  houses  in  North  Yucatan  are 
specially  rich  in  sculpture  adornments ;  and  here  the  contrast  of  the 
architectural  style  with  that  of  Mitla  in  Oaxaca  (the  Zapotec  districtt 
is  most  startling,  for  the  above-mentioned  edifices,  which  also  differ 
fundamentally  from  the  Maya  buildings  in  the  construction  of  their 
roofs  and  in  the  introduction  of  round  pillars  of  stone  have  their  prin 
cipal  adornment  in  the  interior,  while  the  external  walls  are  left  com 
paratively  plain  and  unadorned.  This  great  simplicity  of  the  small 
inner  rooms  in  a  building  which  is  on  the  outside  almost  too  rieblj 
adorned,  as  is  the  case  in  the  Casa  del  Gobernador  at  Uxmal,  make:?! 


^  Others  have  al80  heen  observed  in  North  Yucatan  and  Copan. 
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eculiar  impressiou  upon  tbe  beholder  and  reminds  him  involun- 
)f  the  narrowness  of  views  which  seems  to  be  a  universal  weak- 
■  the  Maya  family,  who  otherwise  possess  so  many  most  attract- 
iracteristics. 

ies  the  stone  houses,  several  towns  of  Yucatan  and  Peten  possess 
other  remarkable  type  of  edifice — steep  stone  pyramids,  which  on 
ppermost  platform  bear  a  somewhat  long  stone  house.^  I  have 
lese  structures  only  in  Uxmal  and  Ticul,  and  the  four  stone  pyr- 
at  the  last-mentioned  place  were  so  entirely  overgrown  with 
trees  and  dense  shrubbery  that  I  could  not  obtain  a  clear  view ,2 
^h  I  climbed  up  to  the  toj)  of  one  with  great  trouble.  The  stone 
id  of  Uxmal  rises  in  two  unequal  terraces,  over  which  a  compara- 
low,  perpendicular  terrace  leads  to  the  upper  platform  which 
the  stone  house.  In  the  middle  of  one  of  the  long  sides  (from 
jt)  a  very  steep  staircase  with  nearly  one  hundred  steps  leads  to 
btform.  This  kind  of  pyramid  seems  to  be  peculiar  to  the  Mayas 
3atan  and  Peten)  and  to  Gopan,  for  in  the  territory  of  the  Choi  and 
orti  we  find  only  the  ordinary  terraced  pyramid,  with  perpendic- 
ascending  steps  of  equal  height  and  depth.  The  same  applies 
highlands  of  Guatemala  and  Chiapas,  where  it  is  true  the  steps 
mally  seem  to  lose  their  original  purpose  and  to  assume  gigantic 
iions  (1  to  2  meters  in  height  and  depth),  as  in  Saculeu  and 
i.  In  the  two  great  pyramids  of  Toninit.  we  notice,  from  the 
I  to  the  uppermost  small  platform,  six  to  eight  lofty  steps.  These 
however,  being  so  very  high,  do  not  ascend  perpendicularly  (as 
nleu),  but  at  a  great  inclined  angle.  That  Catherwood's  Recon- 
on  of  the  Pyramids,  in  Stephens's  Incidents  of  Travel  (p.  384),  is 
>ct,  is  best  seen  from  the  northwest,  where  both  show  their  best 
ved  side.  I  am  sure  I  do  not  wish  to  blame  Catherwood,  but 
►  point  out  the  great  difficulties  which  arise  at  every  such  attempt 
instruction.  It  is  extremely  difficult  to  form  by  means  of  decay- 
ins  a  picture  of  former  proportions,  and  often  a  mere  glance  from 
identally  chosen  but  favorable  standpoint  gives  a  clearer  sight 
k  long  study  of  the  ruins  themselves.  To  this  must  be  added 
le  generally  poor  state  of  preservation  of  all  such  ruins  has  led 
everyone  to  add  to  this  sketch  or  ground  plan  a  number  of 
tructions;  my  own  very  trifling  sketches  must  not  be  considered 
1  any  way.  I  shall  be  well  content  if  I  should  have  succeeded 
ng  my  reader  a  tolerably  correct  idea  of  the  old  Indian  structures 
th  Central  America  and  of  their  great  variety.  An  exhaustive 
)tion  of  old  Central  American  architectures,  which  should  enter 
1  details  and  state  their  peculiar  manner  of  forming  settlements, 
leeds  be  preserved  for  future  generations,  and  I  shall  be  satisfied 
ay  state  here  the  conclusions  which  the  available  material  has 
d  me  to  form. 


ecently  also  found  in  Copan. 
reconstruction  will  be  found  in  Maudslay  at  the  proper  place,  page  18. 
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3.  COMPREHENSIVE  REMARKS  AND  CONCLUSIONS. 

The  old  Indian  edifices  of  northern  Central  America  display  in  various 
parts  of  this  territory  an  unusually  great  variety  both  as  regards  the 
disposition  and  the  construction  of  the  single  buildings.     Ui>on  closer 
investigation  we  find,  however,  that  the  structures  of  special  districts 
show  certain  peculiarities  which  are  common  to  all  of  them,  but  are 
not  found  in  the  structures  of  adjoining  districts.    These  common  pecul- 
iarities, however,  apply  ouly  to  general  features,  whilst  we  never  meet 
with  slavish  imitation  of  a  definite  style  of  architecture.    On  the  con- 
trary, even  within  the  boundary  lines  of  a  certain  style  there  exists 
still  an  almost  indefinite  variety  of  disposition  and  outward  formation 
among  the  Central  American  Indians.    As  the  edifices  in  the  neighbor- 
hood of  a  style  of  building  often  already  show  hints  suggested  by  the 
peculiarities  of  a  neighboring  style,  we  may  conclude  from  this  that 
the  Indians  maintained  among  themselves  a  lively  intercourse  and  pos- 
sessed a  great  capacity  for  acquiring  knowledge  and  taste  from  their 
neighbors.    Everywhere  we  find  the  fundamental  idea  of  walls  and 
terraced  pyramids,  but  in  their  erection  many  varieties  of  style  at  once 
appeal*.    Unfortunately,  I  must  here  limit  myself  to  the  structures  on 
the  highlands  of  Guatemala  and  Chiapas,  and  to  those  of  East  Guate- 
mala, Peten,  Tabasco,  and  Yucatan.    Within  this  district  I  think  I  may 
define  the  following  styles  of  architecture : 

I.  The  steps  of  the  pyramids  and  walls  are  ascending.  The  build- 
ings are  not  distinctly  grouped  around  courtyards  (squares). 

1.  Chiapas  style:  The  buildings  of  a  settlement  are  rather  irregularly 
arranged. 

2.  Motozintla  style:  The  buildings  of  a  settlement  show  a  tendency 
to  face  a  certain  direction.  In  front  of  many  tumuli  tile  pavements  are 
made. 

II.  The  steps  of  the  pyramids  and  walks  are  perpendicularly  ascend- 
ing. The  buildings  of  a  settlement  face  any  one  decided  directiou. 
The  larger  settlements  show  a  part  of  their  buildings  arranged  entirely 
or  in  part  around  an  inclosed  courtyard  or  square. 

ARCHITECTURAL  STYLES  OF  THE  MAYA  PEOPLE. 

A.  Varapaz  style, — The  settlements  are  mostly  small.  The  buildings 
face  the  four  cardinal  points.  Mortar  was  but  imperfectly  used.  In 
Chacujal  stone  buildings  with  perx)endicular  walls,  parapets  on  the 
platform. 

B.  Architectural  styles  of  the  highland  tribes. — ^The  settlements  show 
a  crowded  disposition  of  their  buildings.  In  the  whole  district  temple 
courts  shaped  like  H  make  their  appearance. 

(a)  No  mortar  is  used  in  the  buildings. 

1.  Tzenal  style:  The  buildings  of  a  settlement  are  not  arranged  so 
as  to  face  the  cardinal  points,  but  preferably  intermediate  directions. 
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(b)  lu  many  buildiugs  mortar  is  used  in  erecting  stone  hoases. 

2.  Maine  style:  The  buildings  of  a  settlement  are  generally  made  to 
face  intermediate  directions. 

3.  Quiche  style:  The  buildings  of  a  settlement  face  the  cardinal 
points. 

C.  Architectural  styles  of  the  lowland  tribes, — In  many  buildiugs  stone 
walls,  cemented  with  mortar,  are  found.  Stone  houses  with  habitable 
inner  rooms.    The  buildings  mostly  face  the  cardinal  points. 

1.  Maya  style:  At  times  steep  pyramids.  The  door  beams  made  of 
zapote  wood. 

la.  Peten  type:  The  buildings  of  a  settlement  are  closely  crowded. 
Formation  of  many  courts  (squares).  Character  of  fortification.  The 
walls  show  a  casing  of  mortar.    Mostly  unadorned  houses. 

lb.  Type  of  South  Yucatan:  Transition  type.  The  arrangement  of 
buildings  is  less  crowded.  The  walls  of  the  stone  houses  are  often 
incased  in  stone,  carefully  cut,  but  simple. 

Ic.  Type  of  North  Yucatan :  The  arrangement  of  the  buildings  is 
rather  a  scattered  one.  The  outer  walls  of  the  stone  houses  are  often 
richly  adorned  with  sculptures. 

2.  Choi  style :  The  door  openings  are  generally  closed  above  with 
level  slabs  of  stone.  The  ornamentation  of  stone  houses  consists  in 
stucco  ornaments  or  in  tablets  containing  images  or  hieroglyphics. 

3.  Chorti  style:  Very  peculiar  development  of  the  pyramidical  struc- 
ture and  of  courts  (squares).    In  Copan  a  steep  pyramid. 

The  stone  houses  of  Toninjl  belong  to  the  Choi  style,  while  the  other 
edifices  and  the  general  arrangement  follow  the  Tzenal  style.  The 
ruins  are  now  situated  in  the  land  of  the  Tzenal  people,  but  not  very 
far  from  the  line,  since  the  nearest  Lacandon  and  Choi  settlements  are 
hardly  30  or  40  kilometers  distant,  and  it  can  not  be  absolutely  asserted 
that  Tonina  may  not  originally  have  been  a  Tonimi  or  a  Choi  settlement. 
However  this  may  be.  Toning  has  always  shown  a  mixed  style,  at  all 
events  borrowing  from  a  neighboring  style,  so  that  I  do  not  feel  justi 
fied,  by  the  occurrence  of  a  single  instance,  to  attribute  the  existence 
of  stone  houses  to  the  Tzenal  style. 

The  Indian  edifices  of  northern  Central  America  very  frequently 
show  a  striking  want  of  symmetry.  The  very  simplest  buildiugs,  to  be 
sure,  are  almost  always  symmetrical,  because  in  their  very  great  sim- 
plicity there  was  no  scope  for  unsymmetrical  arrangement.  But  the 
more  varied  single  buildings  and  central  structures,  like  great  temples, 
show  almost  always  an  unequal  development  on  the  two  sides  from  a 
middle  line,  and  although  the  gradual  development  of  architectural  art 
led  step  by  step  to  a  better  observance  of  symmetry,  it  is  nevertheless 
curious  to  observe  how,  after  all,  only  the  very  best  edifices  of  Yucatan 
and  Palenque  ever  attained  unto  full  symmetry.  It  is  true  that  fre- 
quently only  mere  trifles  display  a  want  of  this  kind,  but  on  examining 
a  building  of  this  kind,  or  even  a  ground  plan,  we  always  feel  as  if  this 
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unsyinmetrical  arrangement  were  not  so  much  the  result  of  negligence 
as  of  a  set  i>urpose.  And  how  capriciously  even  the  inner  rooms  of  the 
stone  houses  may  be  differently  adorned  on  both  sides  of  the  entrance 
can  be  seen  in  the  plan  of  a  room  in  Tical  (fig.  15).  Even  the  richly 
ornamented  inner  room  of  the  princix)al  temple  of  Mench<5  displays  in 
the  different  positions  of  the  entrances  relatively  to  the  most  external 
side  apartments  constant  neglect  of  symmetry. 

(42)  In  this  connection  it  may  be  noticed  that  the  Indians  of  the  Maya 
family  showed  the  same  tendency  to  an  unsymmetrical  cultivation  of 
development  of  the  individual  members  in  their  musical  melodies 
also.' 

(13)  These  side  apartments  seem  to  have  been  used  by  the  Lacondons 
mainly  for  their  sacrifices,  since  it  was  in  these  rooms  that  I  found,  in 
1891,  most  of  their  sacrificial  vessels  made  of  clay. 

All  the  tribes  which  belong  to  the  Maya  family*  have  certain  pecu- 
liarities in  their  manner  of  building,  and  it  is  of  the  utmost  impor- 
tance that  within  the  territory  they  at  present  occupy,  and  according 
to  the  limits  of  the  knowledge  which  we  at  present  possess,  no  buildings 
are  known  to  us  which  betray  a  foreign  style,  except  only  the  few  at 
Motozintla,  of  which  I  have  spoken  above.  This  would  justify  the  same 
conclusion  which  I  also  reached  in  studying  the  local  names — that  the 
Maya  tribes  have  for  a  long  time  already  occupied  their  present  homes 
in  northern  Central  America. 

A  comparison  of  tlie  architectural  features  which  all  the  Maya  tribes 
have  in  common  suggests  also  a  certain  conclusion  as  to  the  degree  to 
which  their  architectural  skill  had  raised  among  them  before  the  tribe 
separated.  This  is  a  very  low  degree— walls  and  terraced  pyramids  of 
moderate  size,  facing  a  fixed  direction,  and  frequently  grouped  around 
a  court  or  square. 

It  appears,  however,  as  if  the  lowland  tribes  had  already  parted  with 
the  primitive  Maya  people  at  a  time  when  the  Terapaz  tribes  (the  PtK50- 
man  group)  were  still  in  close  contact  with  the  highland  tribes,  since 
their  straw  huts  (dwelling  bouses)  are  in  their  construction  perfectly 
identical,  while  the  lowland  tribes  differ  in  having  an  advance<l  wall. 
At  the  same  time  the  Ohol  and  Chorti  Indians,  dwelling  near  by,  still 
adhere  to  the  rectangular  ground  plan  of  the  highland  huts,  while 
Cliontals  and  Mayas  abandon  this  type  in  favor  of  roundedoff  grouud 
plans. 

While  the  Verapaz  tribes  thus  remained  on  a  lower  grade  of  archi- 
tecture, the  tribes  of  the  highlands  and  the  lowlands  both  developed 
the  art  in  their  own  peculiar  manner.  Among  the  highland  tribes, 
the  Quich6  and  Mam   group  made  great  progress  in  architecture, 


'Compare  the  New  Journal  for  Musir,  year  XI  (1895),  Noa.  7  and  8,  and  year  XIII 
(1892),  No9. 22  and  23. 

"I  have,  nnfortanately,  here  to  omit  the  Iluastecs,  since  I  have  no  information  as 
to  their  huildiuge. 
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which  the  Tzenal  group,  however,  did  not  share,  while  the  lowland 
tribes,  each  in  its  most  original  manner,  attained  high  success  in  the 
same  art,  no  doubt  largely  assisted  by  the  favorable  stone  material 
which  they  found  at  hand.  In  like  manner  the  peculiar  qualities  of  the 
outcropping  stone  no  doubt  led  in  the  Choi  territory  to  making  relievo 
works,  in  the  Ohorti  territory  to  monolithic  8cul])ture,  and  in  northern 
Yucatan  to  a  sculptural  adornment  of  their  houses. 

A  very  long  time  must,  of  course,  have  elapsed  between  the  time 
when  simple  buildings  were  raised  by  the  primitive  Maya  family  and 
the  days  when  the  beautifully  developed  architecture  of  temples  in 
Sajaeabaja  of  original  Coi)an  pyramids,  of  excessively  adorned  stone 
houses  in  Yucatan,  of  defiant  Ticul  structures,  and  of  harmoniously 
composed  and  ornamented  edifices  in  Palenque  began  to  show  itself. 
Hence,  we  assume  with  certainty  that  each  one  of  the  Maya  tribes  here 
mentioned  may  have  occupied  their  present  homes  for  a  more  or  less 
extended  period  of  time,  and  that  their  architecture  was  developed 
only  within  this  time.  The  influence  of  the  surrounding  stone  material 
on  this  architecture  may  here  and  there  become  i)erceptible,  and  the 
locally  limited  origin,  as  well  as  the  locally  varying  development  of 
this  architecture,  will  clearly  show  that  any  influence  of  Asiatic  styles 
of  architecture  is  absolutely  excluded.  It  is  true  that  so  far  the  study 
of  the  architectural  ruins  has  given  no  clew  to  the  original  home  and  to 
possible  former  migrations  of  the  Maya  family.  I  can,  therefore,  here 
only  express  the  wish  and  the  hope  that  future  and  more  extensive 
studies,  made  on  a  broader  basis,  may  succeed  in  establishing  the  views 
here  suggested  more  firmly  in  determining  the  exchange  of  culture  by 
comparing  the  architecture  ot*  neighboring  races,  and  in  thus  providing 
a  safe  basis  for  prehistoric  research. 


PEELIMINARY  ACCOUNT  OF  AN  EXPEDITION  TO  THE 
CLIFF  VILLAGES  OF  THE  RED  ROCK  COUNTRY,  AND 
THE  TUSAYAN  RUINS  OF  SIKYATKI  AND  AWATOBI, 
ARIZONA,  IN  1896.1 


By  J.  Walter  Fbwkes. 


I  left  Prescott,  Ariz.,  on  June  1, 1895,  making  my  way  with  all  possi- 
ble dispatcb  to  Old  Camp  Verde,  and  from  there  to  the  cavate  dwellings, 
opposite  Squaw  Peak,  8  miles  south  of  the  post.  After  an  examination 
of  these  troglodytic  habitations,  occupying  a  week's  time,  I  followed 
the  Rio  Verde  northward  to  one  of  its  tributaries,  Beaver  Creek,  exam- 
ining Casa  Montezuma,  Montezuma  Well,  and  neighboring  ruins. 
Crossing  the  divide  to  Oak  Creek,  another  tributary  of  the  Verde,  near 
Beaver  Head,  I  camped  near  SchUrman's  ranch,  where  1  remained  a 
few  days  studying  house  ruins,  fortifications,  and  aboriginal  irrigation 
canals  in  that  neighborhood. 

Leaving  all  trodden  roads  at  that  point,  my  expedition  penetrated 
into  the  Red  Rocks,  where  a  few  days  less  than  three  weeks  were  con- 
sumed in  exploration  of  that  region.  Later,  I  returned  to  Oak  Creek, 
made  a  detour  around  the  Red  Rocks,  over  the  Mogollon  escarpment 
to  Flagstaff,  where  I  arrived  on  the  last  day  of  June. 

Two  days  later  I  reoutfltted  at  Holbrook,  Ariz.,  and  camped  at 
Awatobi  on  July  6.  Three  weeks  were  spent  at  that  ruin,  but  owing  to 
the  defection  of  my  Indian  workmen,  I  was  reluctantly  obliged  to  pre- 
maturely suspend  work  there,  and  moved  my  camp  to  Sikyatki,  where 
great  good  fortune  awaited  me.  On  the  29th  of  A  ugust  I  was  again  at 
Holbrook,  where  I  disbanded  my  expedition  at  the  close  of  the  month. 

I  was  accompanied  by  two  paid  men  throughout  the  summer;  one, 
a  cook  and  driver;  the  other,  a  photographer.  Two  additional  men 
were  employed  for  a  few  days  to  assist  in  excavations  at  the  ruins  of 
the  Bed  Rocks. 

My  force  of  laborers  at  Awatobi  numbered  eight,  and  during  the 
excavations  at  Sikyatki  fifteen,  all  Moki  Indians,  were  employed. 
While  in  my  employ  they  lived  at  the  expense  of  the  expedition. 


'While  the  cost  of  this  expedition  was  defrayed  from  the  appropriation  of  the 
Bureau  of  Ethnolofj^  of  the  Institution,  this  preliminary  account  seems  to  possess 
such  popular  interest  that  it  has  been  deemed  desirable  to  give  it  early  publication 
here. 

^1 
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My  force  of  laborers  at  Awatobi  numbered  eight,  aud  during  the 
excavations  at  Sikyatki  fifteen,  all  Moki  Indians,  were  employed. 
While  in  my  emi)loy  they  lived  at  the  expense  of  the  expedition. 

I  was  joined  at  Sikyatki  by  Mr.  F.  W.  Hodge,  of  the  Bureau  of 
American  Ethnology,  who  rendered  most  valuable  aid,  and  by  Mr. 
James  S.  Judd,  a  volunteer,  who  contributed  much  to  the  success  of  the 
expedition.  Mr.  G.  P.  Winship,  whose  translation  of  the  Spanish  text 
of  Castaueda's  account  of  Ooronado's  expedition  is  about  to  be  pub- 
lished by  the  Bureau  of  Ethnology,  was  a  guest  of  the  expedition  at 
Sikyatki  for  two  weeks. 

The  objects  collected  during  the  three  months  will  increase  the 
Museum  catalogue  by  966  entries,  of  which  nearly  500  represent  speci- 
mens of  the  finest  i)ottery,  fully  two- thirds  of  which  are  decorated. 

In  addition  to  objects  collected,  the  expedition  took  many  photo- 
graphs, made  copious  notes,  and  prepared  a  few  ground  plans,  neces- 
sarily rough,  as  material  for  an  e^^tended  systematic  report.  The 
following  pages 'give  a  fair  idea  of  the  scope  and  character  of  the  work 
accomplished,  but  its  significance  in  all  its  bearings  can  be  adequately 
presented  only  by  an  elaborated  discussion  of  the  subject. 

SCOPE   OF   THE   W^ORK. 

The  general  plan  of  my  field  work  in  Arizona  during  the  summer  of 
1895  was  an  examination  of  cliff  dwellings  and  other  ruins  of  the  val- 
ley of  the  Kio  Yerde  and  an  archaeological  exploration  of  two  ancient 
ruins  in  the  old  province  of  Tusayan,  the  ancestral  and  present  home 
of  the  Moki  Indians.  The  reason  which  determined  my  choice  of  the 
Yerde  Yalley  ruins  as  a  field  of  investigation  was  a  wish  to  obtain 
archaeological  data  bearing  on  certain  Tusayan  traditions.  A  study  of 
the  ritual  and  mythology  of  these  people  for  several  years  had  familiar- 
ized me  with  a  rich  collection  of  folklore  consisting  of  tales  of  cosmog- 
ony, heroic  stories  of  supernatural  beings,  and  migration  legends. 
These  stories,  existing  in  many  variants,  are  the  sole  histories  which 
the  Mokis  have,  and  are  transmitted  verbally  from  one  generation  to 
another.  They  have  come  down  to  our  day  from  a  remote  past,  often- 
times highly  embellished,  doubtless  more  or  less  modified  in  trans- 
mission, but  presenting  the  only  material  which  is  available,  so  far  as 
records  are  concerned,  of  their  origin  and  migrations  previously  to  their 
settlement  in  their  present  homes.  The  legends  of  cosmogony  are 
manifestly  outside  the  realm  of  scientific  verification,  but  migration 
stories  are  evidently  of  much  greater  import  to  the  student  of  archae- 
ology. These  stories  are  repeated,  notwithstanding  their  variations^ 
with  an  exactness  which  is  highly  suggestive  of  truth  in  their  general 
character.  The  old  story-tellers  recount  with  detail  the  places  where 
their  ancestors  halted  in  their  migrations,  and  declare  that  they  built 
homes  or  villages  near  certain  8i)rings,  mountains,  or  in  well-known 
valleys,  where,  they  declare,  the  visitor  may  still  see  the  ruins.    Evi- 
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dently  here  we  have  an  opportunity  to  test  the  legends  by  archsBological 
research.^  We  can  visit  the  sites  of  villages  claimed  by  the  ancients 
and  find  out  if  the  evidence  supports  the  legends  of  the  present  Mokis, 
or  whether  the  stories  are  true  or  false.  The  present  article  is  therefore 
a  report  on  an  attempt  to  apply  archaeological  methods  to  the  verifica- 
tion  of  legendary  histories,  which  was  the  main  thought  in  mind  when 
I  entered  upon  my  explorations  in  Arizona. 

The  Tusayan  villagers  are  divided  into*  several  phratries,  each  com- 
posed of  a  number  of  gentes.  One  of  these  phratries  is  called  the 
Patki  or  Water  House  people,  whose  legends  are  very  definite  that 
they  came  from  the  far  south,  which  is  called  Palatkwabi,  Red  Land. 
The  situation  of  this  mythic  land  is  a  matter  of  conjecture,  but  it  was 
thought  that  an  examination  of  the  country  at  or  near  the  headwaters 
of  the  Rio  Verde  and  its  tributaries  west  of  south  from  the  present 
villages  of  Tusayan  and  due  south  of  some  of  their  ruined  towns  might 
shed  light  on  this  tradition. 

A  complemental  fragment  of  Pima  folklore  in  southern  Arizona  con- 
nects the  numerous  ruins  of  the  Gila  Valley,  of  which  Casa  Grande  is 
the  best  known,  with  the  ancestors  of  the  Tusayan  Indians;  and  as  the 
tradition  which  has  been  mentioned  declares  that  their  ancestors  came 
from  the  far  south,  we  have  a  correspondence  in  traditions  which,  to 
say  the  least,  is  highly  suggestive.  That  archaeology  might  give  valu- 
able information  on  the  theory  of  former  connection  of  northern  and 
southern  prehistoric  peoples  of  Arizona  had  long  been  my  conviction, 
and  was  the  main  influence  which  led  to  the  choice  of  this  field  for 
exploration,  of  which  this  report  is  a  preliminary  record. 

THB  RED  ROCK   COUNTRY. 

An  examination  of  a  map  of  Arizona  will  show  that  one  of  the  most 
natural  pathways  or  feasible  routes  of  migration  between  the  southern 
Arizonian  prehistoric  peoples  of  the  vicinity  of  Casa  Grande  and  the 
northern,  north  and  south,  would  be  along  the  valley  of  the  Rio  Verde. 
Oak  Creek,  a  tributary  of  this  stream,  rises  in  the  neighborhood  of 
iTiins  whose  inhabitants  were  ancestors  of  the  Tusayan  Indians,  and 
empties,  through  the  Verde,  into  the  Gila  not  far  from  the  great  ruins 
which  mark  the  center  of  the  flourishing  aboriginal  population  of 
southern  Arizona.  Along  the  banks  of  this  stream  was  a  natural  high- 
way, which  presents  favorable  conditions  for  migration.  My  problem 
was  to  examine  this  roadway  to  see  whether  or  not  there  are  archa30- 
logical  evidences  of  former  habitations. 

Exploration  of  the  antiquities  of  this  region  ha<l  gone  fai;  enough  to 

1  As  this  paper  is  about  to  go  to  press  (September,  1896),  reports  have  been  received 
from  Dr.  Fewkes  regarding  his  recent  excavations  at  the  prehi8tori<-  Moki  pueblo  of 
Ifomolobi,  near  Winslow,  Ariz.,  which  fuUy  bear  out  his  statemeut  of  nearly  a  year 
preTiously  and  testify  to  the  accuracy  of  the  native  traditions  concerning  the  settle- 
ment of  the  Moki  at  the  place  named  prior  to  their  occupancy  of  the  present  villages 
of  TtiBayan.— Editor. 
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prove  that  the  banks  of  this  river  and  the  walls  of  neighboring  mesas 
were  formerly  the  sites  of  many  and  populous  towns.  From  its  junc 
tion  with  the  Gila  to  Montezuma  Well,  several  miles  north  of  Old  Camp 
Yerde,  there  had  been  described  a  succession  of  ruins  indicative  of 
former  habitations.  But  Montezuma  Well  is  a  long  distance  from 
anyTusayan  ruin,  and  between  it  and  the  Moki  country  is  situated  the 
rugged,  untrodden  land  called  the  Red  Rock  country.  There  was,  in 
other  words,  a  break  here  in  the  almost  continuous  series  of  ruins  from 
Tusayan  as  far  south  at  least  as  the  large  forgotten  towns  of  the  Gila 
Valley.  At  either  extremity  the  chain  of  aboriginal  dwelling  places 
was  unbroken,  but  middle  links  were  wanting. 

All  conditions  imply  former  habitations  among  these  untrodden  fast- 
nesses of  the  Red  Rocks,  and  the  existence  of  former  villages  had  been 
vaguely  reported  by  ranchmen.    So  far  as  the  evidence  went,  these 
reports  confirmed  my  suspicions,  but  no  archaeologist  had  examined 
the  ruins  and  their  character  was  problematical.    The  color  of  the 
rocks  of  this  country,  as  implied  in  the  name,  fulfilled  the  Tusayan 
legend  of  Palatkwabi,  the  Red  Land,  and  it  was  situated  directly 
south  of  ancient  Tusayan  ruins.    When  the  opportunity  came  to  me  to 
conduct  an  archaeological  expedition,  I  determined  to  penetrate  into 
this  broken,  inaccessible  region  and  discover  whether  it,  too,  possessed 
ruined  villages  related  to  those  of  the  Rio  Verde  and  the  Tusayan 
province,  thus  completing  the  chain  of  aboriginal  abandoned  towns 
from  the  Gila  Valley  to  the  Moki  country.    It  remains  for  me  to  show 
in  this  report  that  the  discoveries  which  were  made  by  me  in  this  region 
prove  that  it  was  in  old  times  the  site  of  a  flourishing  population,  and 
to  point  out  that  the  character  of  the  people,  as  indicated  by  archaeo- 
logical evidences,  bore  many  similarities  to  those  of  the  ancient  people 
of  Tusavan. 

Having  demonstrated  that  the  known  ruins  of  the  Verde  Valley 
were  continued  into  the  Red  Rock  country,  it  was  desirable  to  compare 
them  with  those  at  the  two  ends  of  the  series — the  Verde  ruins  and 
those  of  Old  Tusayan.  This  necessitated  reexamination  of  ruins  already 
known,  near  Camp  Verde,  and  a  careful  exploration  of  ancient  Tusayan 
towns.  The  former  work  was  carried  on  in  the  early  part  of  June; 
the  latter  in  July  and  August.  I  entered  the  Verde  Valley  by  way  of 
Prescott  and  the  military  post,  Camp  Verde,  following  the  river  down 
to  Squaw  Mountain,  and  examining  groups  of  cavate  dwellings,  cliflF 
houses,  and  ruins  in  the  open  country  as  far  as  the  Red  Rocks  as  the 
three  representative  types  of  the  former  housebuilders  of  this  inter- 
esting valley.  I  then  turned  north  and  penetrated  to  the  southern 
border  of  the  Red  Rock  country,  from  which  I  continued  to  Flagstaff. 
The  two  Tusayan  ruins  which  I  chose  as  sites  of  my  work  were 
Awatobi  and  Sikyatki,  the  former  a  historical  pueblo  destroyed  at  the 
close  of  the  year  1700;  the  latter  a  ruin  deserted  before  the  advent  of 
the  Spaniards  in  1540. 
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he  reader  will  notice  that  I  accept  without  question  the  belief  that 
so-called  clift*  dwellers  were  not  a  distinct  people,  but  thiit  the  cliff 
ses  were  results  of  special  adaptation  to  environment  of  a  race  who 
etiraes  excavated  cavate  dwellings  or  built  houses  in  open  plains.  I 
sure  that  all  these  three  types  were  built  and  inhabited  at  the  same 
3  by  the  same  people.  Moreover,  the  reasoning  is  cogent,  as  long 
suggested  by  others,  that  the  existing  pueblos  are  inhabited  today 
lescendants  of  the  cliff  peoples,  which  have  been  no  doubt  somewhat 
lified  in  consanguinity  by  intermarriage  v^ith  nomadic  stocks,  but 
e  preserved  the  cliff-dweller  cultus  stage  down  to  our  own  day  in  a 
bially  but  not  greatly  modified  form.  But  while  recognizing  the 
ship  of  the  cliff  dwellers  with  the  modern  Pueblo  Indians,  I  can  not 
rict  this  relationship  to  any  one  modern  pueblo  to  the  exclusion  of 
irs.  The  evidences  which  are  adduced  that  the  cliff'  dwellers  are 
estors  of  Zunis  can  be  paralleled  by  similar  likenesses  among  the 
cis;  indeed,  the  resemblances  are  even  closer,  since  the  Tusayan 
ians  are  today  less  modified  by  foreign  influences  than  any  other 
bio  peoples.  The  cultus  stage  of  the  so-called  cliff  dwellers  is  con- 
'^ed  to  our  times,  with  modifications,  by  the  existing  i)ueblos;  and 
>e  members  of  the  latter  which  are  least  modified  stand  nearest  the 
estral  conditions,  and  therefore  nearest  the  cliff  peoples, 
erhaps  the  most  remarkable  type  of  aboriginal  dwellings  in  the 
Yerde  Valley  are  the  so-called  cavate  rooms  which  are  found  at 
lous  places  where  the  rock  is  soft  enough  to  permit  their  construc- 
.  These  caves  have  been  hewn  out  of  the  solid  rock,  and  in  places 
cliffs  are  honeycombed  with  these  habitations  of  aboriginal  troglo- 
3S.  The  largest  cluster  examined  was  about  8  miles  south  of  Old 
lip  Verde,  opposite  Squaw  Mountain,  where  their  number  is  not  far 
[1  a  hundred.  Each  subterranean  chamber  or  suite  of  rooms  bore 
lence  of  past  habitation,  and  many  objects  of  archaeological  interest 
e  collected  from  their  floors  and  the  debris  immediately  at  their 
ranees. 

he  accompanying  illustration  shows  the  external  appearance  of  a 
of  cave  dwellings  south  of  Camp  Verde;  a  huge  buttress  of  soft 
le  of  a  character  almost  light  enough  to  float,  standing  out  from 
lofty  hills  which  flank  the  left  bank  of  the  river,  and  riddled  on  each 
)  by  caves,  passages,  and  subterranean  recesses.  We  clambered  up 
broken  talus,  shown  in  the  view,  and  entered  the  caves  through 
sages  hardly  high  enough  to  admit  a  man  of  ordinary  stature.  Once 
de  the  cave,  the  excavation  enlarges,  and  we  find  ourselves  in  a 
ny  chamber,  high  enough  to  permit  the  visitor  to  stand  upright, 
1  lateral  platforms,  side  rooms,  closets,  and  recesses.  These  were 
:ig  rooms,  for  there  are  fireplaces,  well-i)lastered  walls,  and  even  the 
js  for  former  x>egs  for  clothing.  An  enumeration  of  the  number  of 
ns  or  cave  habitations  which  exist  at  various  points  in  the  hills  and 
as  overlooking  the  Yerde  conveys  little  idea  of  the  population 
SM  95 36 
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which  oii(!e  found  shelter  iu  them.  There  are  evidences  that  the  num- 
ber was  large,  and  waiTant  the  conclusion  that  the  caves  were  once 
nlive  with  these  troglodytes.  The  niakers  of  these  caverns  chose  for 
their  work  a  soft  tufa  rock,  which  was  easily  excavated,  rarelj',  if  ever, 
attempting  to  excavate  the  hard  lava  or  red  sandstone.  The  aborijj- 
inal  people  riddled  the  hills  in  places  with  their  burrowings,  some 
times  choosing  caverns  which  they  walled  up,  and  when  driven  by 
exigencies,  su<'h  as  the  hardness  of  the  rock,  plastered  their  comnm- 
nal  dwellings  like  wasp  nests  to  the  face  of  the  cliff'  which  overhung 
them  like  great  protecting  roofs.  The  plan  of  the  cavate  rooms  may  be 
indicated  by  the  selection  of  a  typical  form,  shown  in  the  accomi)any- 
ing  cut.  Some  of  these  dwellings  are  simpler ;  others  more  complicated, 
but  a  marked  feature  of  all  are  lateral  platforms  raised  a  few  inches 
above  the  floor  of  a  central  chamber.  It  is  instructive  to  note  that 
this  feature  is  paralleled  in  the*  construction  of  the  floor  of  a  modern 
kiva  or  sacred  room,  in  which  a  raised  dais  or  spectator's  platform  is  a 
constant  feature. 

From  the  charact<5r  of  the  archaeological  objects  which  were  gath- 
ered from  the  rooms  of  these  troglodytes,  it  is  probable  that  they  were 
of  the  same  cultus  stage  as  the  cliff'  people  of  not  distant  mesas,  or  of 
extensive  villages,  the  ruins  of  which  now  dot  the  Verde  Valley  or 
crown  the  hills  at  various  points  in  this  region.  We  do  not  have  to  go 
far  for  evidences  that  this  is  so,  for  even  the  promontories  in  which  tiie 
cavate  chambers  are  carved  are  surmounted  with  the  remains  of  well- 
laid  walls  of  dwellings,  identical  with  those  of  the  river  valley. 

The  new  ruins  which  I  have  discovered  in  the  Red  Kock  country 
belong  to  the  type  called  cliff  houses,  and  are  the  largest  of  this  kind 
already  reported  from  the  valley  of  the  Rio  Verde  or  its  tributaries.  So 
far  as  I  know,  these  ruins  have  never  been  described,  and  one  of  the 
largest  had  never  been  visited  by  white  men. 

For  convenience  in  my  descriptions,  I  have  given  to  the  more  impor 
tiintof  these  ruins  the  names  Palatki  and  Honanki,  Red  House,  and 
Bear  House.  The  former  would,  at  a  low  estimate,  accommodate,  when 
restored,  50  peojile;  the  latter,  about  300. 

Historical  sources  shed  no  light  on  their  age,  but  I  think  there  is 
harjdly  a  doubt  that  they  are  older  than  the  invasion  of  Arizona  by  the 
Spaniards  early  in  the  sixteenth  century,  while  their  general  appear 
ance  speaks  of  a  much  greater  antiquity. 

The  ruins  of  the  Red  Houses  consist  of  two  communal  dwellings,  sit- 
uated a  few  hundred  feet  apart,  about  6  miles  west  of  Court  House 
Rock,  a  prominent  pinnacle  overlooking  the  left  bank  of  Oak  Creek. 
These  ruins  lie  in  a  box  canyon  on  the  south  side  of  the  Reil  Hocks, 
and  are  perched  on  the  top  of  a  talus  of  fallen  debris  from  a  perpendic 
ular  clitt'  to  which  they  are  plastered  like  chimney-swallow  nests.  The 
cliff  rises  ^precipitately  behind  the  houses,  and  arching  far  above  affords 
protection  froni  falling  rain  which,  so  far  as  appearance  goes,  has  never 
flooded  their  floors. 
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Plan  of  a  Cavate  Dwellino. 
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There  is  no  evidence  that  these  ruins  had  been  entered  in  recent 
years,  and  they  were  discovered  by  chance  in  side  excursions  while  we 
w^ere  camped  at  Honanki,  a  few  miles  to  the  west.  When  we  clambered 
into  the  deserted  inclosures  of  the  walls  we  saw  basketry,  stone  imple- 
ments, and  fragments  of  cotton  cloth  lying  in  the  alkaline  dust,  a  sure 
indication  that  the  collector  had  not  preceded  us.  But  aborigines  had 
found  shelter  here  before  us,  since  the  housebuilders  disappeared,  for 
the  fragments  of  basketry  are  very  similar  to  that  made  by  Apaches, 
whose  characteristic  pictographs  were  represented  on  the  walls.  These 
were  the  vandals,  no  doubt,  who,  in  their  greed  for  firewood,  had  devas. 
tated  the  place,  torn  down  the  walls  in  places,  and  stripped  the  villages 
of  many  objects  of  ethnologic  value. 

The  Red  House  ruins  are  approached  by  an  easy  trail  through  a 
grove  of  stunted  trees  which  cover  the  fallen  walls  and  the  debris  from 
the  clift*.  The  first  which  was  entered  stands  out  in  relief  from  the  per- 
pendicular face  of  the  vertical  clitf  to  which  it  is  firmly  cemented.  The 
front  walls  consist  of  a  number  of  curved  sections,  each  corresponding 
with  an  inclosure,  and  giving  greater  capacity  to  the  chambers  between 
them  and  the  cliflf.  Tliis  succession  of  bow- window  like  curves  is  not 
common  in  cliff  houses,  and  seems  to  present  a  transition  from  between 
circular  and  rectangular  houses.  It  is  a  clifif  house  in  name,  but  it 
simply  uses  one  side  of  the  cliff  as  a  wall  to  which  the  others  are  plas- 
tered. In  the  construction  of  the  bulging  facades,  the  builders  utilized 
huge  bowlders  for  parts  of  the  foundation,  so  that  the  base  of  the  wall 
follows  the  inequalities  of  the  ground.  The  masonry  is  constructed  of 
unhewn  slabs  of  red  sandstone,  laid  in  adobe  of  tlie  same  color,  and  in 
places  covered  with  plastering.  When  seen  from  the  exterior,  we  detect 
evidences  of  three  storied  rooms.  The  central  portion  of  the  ruin  is 
almost  intact,  but  on  either  wing  time  has  dealt  roughly  with  it,  and 
there  is  little  doubt  that  the  iiomadic  tribes  of  Apaches,  who  replaced 
the  sedentary  agriculturists  of  the  Verde  Valley,  have  had  a  hand  in  the 
overthrowing  of  some  of  the  fallen  walls.  ^ 

Clambering  into  the  inclosure  of  the  middle  part  of  the  ruin  through 
au  irregular  opening  at  its  base,  we  find  ourselves  in  a  roomy  chamber 
inclosed  by  three  walls  20  feet  high.  Halfway  up  the  wall  the  holes,  in 
which  were  placed  the  beams  of  the  floor  of  a  second  story,  can  be 
easily  seen,  but  the  beams  themselves  have  disappeared.  This  is  but  one 
of  seven  such  inclosures  each  communicating  with  the  next  or  opening 
externally  by  passageways  a  few  feet  square.  The  right-hand  rooms 
have  suffered  much  more  than  those  in  the  middle  or  on  the  ojiposite 
wing. 

The  disappearance  of  wooden  rafters  and  beams  from  this  and  neigh- 
boring ruins  is  accounted  for  by  the  fact  that  in  the  scarcity  of  fire- 
wood they  were  npped  out  of  the  walls  for  use  as  fuel.  Under  the 
debris  on  the  floor,  hidden  from  sight,  these  logs  are  frequently  found, 
showing  that  the  roof  had  fallen  in  and  covered  them  as  it  fell.  It 
was  noticed  that  the  ends  of  these  beams  were  literally  ^\i»»>N^  ^SS..^ 
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evideutly  by  the  use  of  some  stone  implement,  a  laborioas  process,  as 
may  well  be  imagined.  A  good  illastratiou  of  this  method  of  wood 
cutting  can  be  seen  in  a  log  which  I  collected  in  one  of  the  best  preserved 
rooms  of  Bear  House. 

The  second  ruin  of  Palatki  is  built  in  a  cavern  of  the  same  cliff,  70 
feet  jicross,  and  is  totally  covered  by  a  projecting  roof  of  overhangiDg 
rock.  Its  front  wall  is  much  broken,  but  enough  remains  to  show  that 
the  rooms  were  in  two  series,  one  behind  the  other,  and  that  at  one  time 
it  was  three  stories  high.  There  were  six  inclosures  in  each  series,  indica 
tive  of  three  stories  in  each,  of  eighteen  rooms,  the  habitatiou  of  proba- 
bly 30  persons.  Such  walls  as  were  standing  were  of  well-laid  masonry 
smoothly  plastered  and  were  tolerably  well  preserved. 

Excavations  were  attempted  on  a  small  scale  in  both  the  Red  Houses, 
and  numerous  objects  characteristic  of  cliflF  people  were  dug  from  the 
debris  on  the  floor.  Fragments  of  basketry,  stone  implements,  woveu 
fabrics  of  cotton  cloth,  and  ropes  of  agave  fiber  were  found  in  several 
rooms.  Even  fireplaces  could  be  readily  discovered,  and  in  the  ashes 
of  that  in  a  central  room  I  found  a  fireboard  identical  with  those  now 
used  to  kindle  fire  in  a  New  Fire  ceremony  at  Walpi.  In  a  niche  near  by 
there  was  a  section  of  a  large  reed,  closed  at  one  end  by  an  internode, 
and  with  a  wad  of  cotton  in  the  open  end.  It  has  been  suggested,  with 
great  probability  of  truth,  that  this  was  a  slow  match  for  conserving  a 
light  after  fire  had  been  obtained  by  the  fire  drill.  The  specimens  of 
cotton  cloth  were  finely  woven,  in  one  case  ornamented  with  an  open 
mesh,  an  art  in  weaving  still  retained  among  Pueblo  Indians. 

Want  of  water  and  other  practical  difficulties  made  it  impossible  for 
me  to  carry  on  extensive  excavations  commensurate  with  the  possibil- 
ities of  discovery  which  these  ruins  present.  There  was  unfortunately 
no  available  spring  near  these  ruins,  and  we  were  obliged  to  briug 
drinking  water  from  a  long  distance.  The  indications,  however,  ar^ 
that  til  is  difticulty  could  be  minimized,  or  if  excavation  of  these  prom- 
ising ruins  were  undertaken  at  the  proper  season  the  supply  of  water 
and  fodder  for  horses  would  be  sufficient  for  all  requirements. 

Passing  by  several  smaller  cliflF  houses  which  I  discovered  in  the  Bed 
Rock  country,  we  may  tarry  for  a  few  lines  descriptive  of  the  largest 
ruin  of  this  region,  to  which  I  have  given  the  name  Honanki.  The 
existing  remains  of  this  ruin  show  that  it  wivs  a  rambling  row  of  two- 
storied  houses  extending  for  an  eighth  of  a  mile  along  the  foot  of  a  cliff, 
culniinati]ig  in  a  large  communal  house,  built  in  an  extensive  cavern 
with  overhanging  roof.  Evidently  this  was  a  populous  pueblo,  large 
enough  to  accommodate  at  least  300  people,  about  the  same  population 
as  Walpi  today.  Although  there  was  good  evidence  that  Honanki 
had  been  visited  by  other  white  men  before  us,  we  search  in  vain  in 
archi^ological  literature  for  even  a  mention  of  this  prehistoric  village. 
Fortunately  enough  of  the  structure  remained  to  show  the  finished 
character  of  the  masonry,  and  the  large  size  of  the  former  rooms,    Ib 


i    I 


N  Part  df  Honanki. 


THE  CLIFF  VILLAGES  OF  THE  RED  ROCK  COUNTRY.   565 

e  main  part  of  the  ruin  the  walls  still  rise  to  a  height  of  over  30  feet, 
d  the  wooden  rafters  still  project  from  the  masonry  in  several  places 
the  level  of  the  former  floor.  Thirty  inclosures,  some  of  which  were 
ar-storied,  attest  the  former  capacity  of  this  forgotten  village.  In  sev- 
a1  of  the  rooms  were  ancient  fireplaces  filled  with  ashes  of  extinct  tires, 
licli  long  ago  had  blackened  the  walls  with  soot  which  was  still  visi 
0.  The  well-worn  stones  on  which  the  former  people  ground  their 
rn  were  in  place,  and  fragments  of  pottery  were  present  everywhere 
the  debris  which  covered  the  floors.  The  fallen  rubbish  yielded  a 
;h  harvest  of  objects  connected  with  the  life  of  the  former  inhabitants, 
d  in  its  alkaline  dust,  shielded  from  the  rains  by  a  common  roof  cover- 
ed the  whole  settlement,  we  dug  up  many  cotton  fabrics,  sandals  of 
oca  fiber,  objects  used  by  prehistoric  weavers,  warriors,  and  farmers. 
A  problematical  stone  implement  made  of  a  small  slaty  stone 
>anted  in  a  wooden  handle,  to  which  it  was  cemented  by  bhick  pitch, 
18  found  a  few  feet  below  the  surface  on  the  floor  of  one  of  the  rooms, 
lis  implement  is  unique,  for  so  far  as  known  it  has  not  been  duplicated 
>ni  any  cliff  house  near  or  remote.  Opinions  of  experts  as  to  its  use 
e  divided,  but  its  double  handle  suggests  an  implement  held  in  both 
i-nds  when  used. 

Among  most  of  the  objects  from  these  cliff'  ruins,  however,  there  is 
striking  similarity  to  those  reported  by  others  from  other  cliff'  dwell- 
gs,  which  leads  me  to  the  conclusion  that  in  studying  them  we  have 
deal  with  the  productions  of  a  people  in  a  like  stage  of  culture, 
tending  from  Utah  on  the  north  to  the  southern  boundary  of  Arizona 
id  beyond  on  the  south,  the  limits  of  the  so  called  Pueblo  peoples* 
H  a  rule,  also,  there  is  a  remarkable  similarity  in  the  objects  dug  out 
these  ruins  and  those  of  the  pueblos  which  have  become  extinct, 
tiich  in  turn  are  almost  duplicated  among  the  survivors  in  the  inhab- 
*d  pueblos.  We  are,  in  fact,  dealing  with  the  works  of  a  people 
lich,  if  not  the  same  in  blood,  were  practii^ally  the  same  in  culture. 
No  aspect  of  southwestern  archaeology  presents  more  interesting 
oblems  than  aboriginal  rock  pictures,  on  which  account  especial 
tention  was  given  by  me,  wherever  I  wandered,  to  the  forms  and 
iport  of  figures  cut  or  painted  near  the  ruined  towns  on  adjacent 
ifl's.  Two  radically  diff'erent  kinds  of  pictographs,  ascribed  to  two 
stinct  peoples,  the  house  builders  and  the  nomadic  Apache- Mohave, 
e  found  on  the  rocks,  yet  but  little  experience  is  necessary  to  dis- 
)guish  the  two  varieties.  As  a  rule,  the  pictography  of  the  cliff" 
sellers  is  pecked  out,  evidently  with  a  stone,  through  a  superficial 
yer  of  rock  exposing  a  diff'erent  colored,  deeper  layer.  The  Apache 
etographs,  however,  are  ordinarily  painted  or  drawn  on  the  surface 
the  rock  and  are  not  incised. 

]  have  not  here  the  opportunity  to  discuss  the  various  figures  char- 
teristicof  each  kind  of  picture  writing  which  was  found,  but  will  not 
lit  reference  to  the  pictured  rocks  of  Cliff*  Kanch  and  those  near  the 
vate  rooms. 
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The  majority  of  these  pictures  are  totems  of  clans,  but  with  them  are 
maii}^  conveDtioiial  symbols  which  have  a  widespread  distribotiou  in 
our  Southwest.  The  most  elaborate  single  figure  of  all,  which  covers 
a  bowlder  about  6  miles  south  of  Camp  Verde,  is  compK>$e<l  of  a  net- 
work of  lines,  recalling  an  irrigation  system,  a  map  of  aboriginal  ditches, 
remains  of  which  may  be  tniced  for  maii}'^  rods  over  the  surface  of  the 
plain  at  the  base  of  the  hill  where  it  stood. 

THE  PROVINCE  OF  TUSAYAN. 

ARCHiEOr,OGY   OF  TIIK    RROION. 

Notwithstanding  the  country  immediately  around  the  inhabited  Moki 
villaijes  is  one  of  the  richest  in  ruins  of  any  territory  of  like  size  in  Ari- 
zona, up  to  the  i)resent  no  systematic  attempt  to  carry  on  excavations 
in  this  region  has  been  attempted.  Yet  archaeologists  are  not  wholly 
ignorant  of  the  contents  of  these  ruins,  for  collections  of  i>ottery,  notably 
that  made  by  the  trader,  Mr.  T.  Y.  Keam,  have  shown  the  general  char- 
acter, beauty  of  form,  and  rich  decoration  of  ceramic  ware  found  in  them, 
and  a  memoir  by  Mr.  Victor  Mindeleff'  recounts  some  of  the  legends  con- 
nected with  these  ruins  and  makes  known  the  architectural  character 
of  the  same.  Unfortunately  for  the  exact  purposes  of  the  arelueologist, 
the  special  localities  from  which  archaeological  objects  previously  gath- 
ered in  Tusayan  is  doubtful  or  unknown,  and  their  association  too  often 
problematical.  If  our  conclusions  are  to  be  trustworthy  wo  must  liave 
accurate  datsi  respecting  the  locality  from  which  objects  have  l»een 
taken,  and  this  may  be  made  possible  only  by  excavations  at  the  ruins 
themselves. 

With  a  view  of  arriving  at  this  exactitude  in  data,  I  chose  for  my 
work  in  this  country  two  well-known  ruins,  one  of  which  is  called 
Awatobi,  the  other  Sikyatki.  The  names  of  both  of  these  villages  are 
known  to  Moki  legends,  and  both  are  claimed  as  ancestral  homes  of 
the  tribe.  Guided  by  these  legends,  excavations  in  the  ancient  ruins 
I  believed  would  be  most  fruitful,  and  it  is  not  too  much  to  say  that  tbe 
results  formed  the  most  valuable  part  of  my  summer's  explorations  in 
the  Southwest. 

THK    RUIN   OF    AWATOBI. 

The  first  reference  in  print  in  modern  times  to  the  ruin  of  Awatobi 
is  found  in  the  late  Capt.  J.  G.  Bourke's  a(*count  of  the  Snake  T3ance  of 
the  Moquis,  where  l)e  showed  that  the  mounds  called  Tally  Hogsin  by 
the  Navahoes  were  ruins  of  Awatobi  of  Spanish  conquerors.  Later  tbis 
ruin  was  described  and  figured  by  Mr.  Victor  Mindeleft'  in  a  rei>ort  of 
the  Bureau  of  Ethnology.  Captain  Bourke's  reference  to  Awatobi,  how 
ever,  is  very  brief,  and  Mindeleflfs  ground  plan  defective,  including 
only  the  ruin  of  the  Mission  of  San  Bernardino  and  adjacent  houses, 
omitting  the  older  or  main  part  of  the  village — the  western  mounds. 
This  omission  I  have  already  rectified,  and  in  1892  published  the  first 
complete  ground  plan  of  the  ruin  of  Awatobi. 
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While  tlie  eastern  part  of  the  ruin,  which  is  that  figured  by  Miiule- 
leff,  undoubtedly  supports  his  conclusion  that  this  portion  was  "built 
about  three  sides  of  a  rectangular  court,"  had  he  recognized  the  origi- 
nal form,  as  shown  by  the  western  mounds,  he  would  doubtless  have 
modified  his  conclusions,  for  this  part  shows  that  the  original  Awatobi 
was  a  comjiact  pueblo,  destitute  of  an  inclosed  plaza  or  rectangular 
court,  and  that  the  eastern  end,  including  the  Mission  of  San  Bernardino, 
is  of  comparatively  recent  construction. 

When  Tobar,  the  lieutenant  of  Coronado,  with  a  handful  of  men, 
discovered  the  Tusayan  towns,  in  1540,  the  village  of  Awatobi  was  the 
first  which  he  saw,  and  was  one  of  the  most  populous.  At  that  time, 
with  the  exception  of  Oraibi,  it  was  the  only  Moki  pueblo  which  was 
perched  on  a  mesa  top,  all  the  others  being  in  the  plains  or  among  the 
foothills.  Tobar  approached  the  town  by  stealth,  during  the  night, 
and  when  discovered  in  the  morning  the  intrepid  Spaniard  had  his  first 
encounter  with  a  people  who,  unconquered  by  his  successors  save  for  a 
conii>aratively  brief  period,  preserved  their  independence  to  the  time 
Arizona  passed  under  the  control  of  the  United  States. 

Awatobi  joined  with  the  other  Moki  towns  in  the  great  rebellion  of 
1680,  when  every  Spaniard  who  was  not  killed  was  driven  back  into 
Old  3Iexico.  In  the  early  part  of  the  seventeenth  century,  through  the 
zeal  of  Padre  Porras  many  Awatobeans  had  been  converted  to  Chris- 
tianity, and  while  other  Moki  towns  hardened  their  hearts  against  the 
long-gowned  men,  as  the  priests  were  called,  there  lurked  in  the  minds 
of  the  i)eople  of  Awatobi  a  desire  for  the  return*  of  the  priests.  In 
1092  Vargas  came  to  the  reconquest,  and  baptized  many  children  at  the 
si)ring  near  the  ruin.  What  the  hated  Spaniards  did  not  do,  the  other 
Mokis  did.  They  combined  together,  and  at  the  close  of  the  year  1700 
Awatobi  was  burned  and  razed  to  the  ground.  There  can  hardly  be  a 
doubt  that  this  deed  can  be  traced  directly  to  the  too  cordial  way  in 
which,  as  they  looked  at  it,  Awatobi  had  received  the  dreaded  Span- 
iards and  the  new  religion  which  they  taught.  The  tragic  destruction 
of  the  place  was  a  martyrdom  of  a  town  of  800  souls  for  its  acceptance 
of  Christianity,  and  had  a  similar  tragedy,  for  a  like  cause,  happened 
almost  anywhere  else  save  in  the  United  States,  or  to  any  other  race 
than  Indians,  its  startling  history  would  have  been  universally  known. 

The  story  of  the  destruction  of  Awatobi,  thus  forgotten  by  all  save 
descendants  of  the  actors,  is  the  overthrow  of  a  town  of  800  x>eople; 
a  somber  tragedy,  where  men  were  massacred  in  their  sacred  rooms 
after  having  been  tortured  with  burning  fagots  and  fumes  of  red 
peppers;  captives,  men  and  women,  mutilated  and  slain,  with  all  the 
barbarity  known  to  a  savage,  because  they  looked  with  favor  on 
Christianity.  If  the  histories  of  our  country  were  written  from  the 
Indians'  point  of  view,  this  episode  would  long  ago  have  attracted  the 
attention  of  our  historians.  But  historical  documents  are  very  meager 
in  regard  to  the  destruction  of  Awatobi.    From  scanty  records  we  can 
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fix  the  date  of  the  deed  at  1700,  but  that  is  about  all,  and  we  know 
little  of  the  event  from  these  sources.  Indian  traditions  concerning  it 
have  survived  now  for  two  centuries,  and  each  succeeding  generation 
of  Mokis  has  told  to  its  children  the  tale  of  Awatobi.  From  these 
stories  we  can  learn  something  of  the  great  tragedy  which  befell  the 
town  of  the  Bow  x^eople  two  centuries  ago.  Several  variants  of  this 
legend  of  Awatobi  are  current  at  Walpi,  but  I  have  found  that  of 
Saliko,  the  oldest  woman  of  the  Snake  family,  one  of  tbe  most  com- 
prehensive. She  is  particularly  cognizant  of  the  legends  of  events  of 
those  stirring  times,  as  her  maternal  ancestor  is  claimed  to  have  received 
from  one  of  the  women  of  Awatobi,  who  was  saved,  the  badge  of  chief- 
taincy of  a  sacerdotal  society,  which  she  inherits.  The  story  of  Saliko 
runs  as  follows: 

"The  chiefs  Wiki  and  Simo,  and  others,  have  told  you  their  stories, 
and  surely  their  ancestors  were  living  here  at  Walpi  when  Awatobi 
was  occupied.  It  was  a  large  village,  and  many  people  lived  tbere,  and 
the  village  chief  was  called  Tapolo,  but  he  was  not  at  peace  with  his 
people,  and  there  was  quarreling  and  trouble.  Owing  to  this  conflict 
only  a  little  rain  fell,  but  the  land  was  fertile  and  fair  harvests  were 
still  gathered.  The  Awatobi  men  were  bad  (potcako^  sorcerers).  Some- 
times they  went  in  small  bands  among  the  fields  of  the  other  villagers 
and  cudgeled  any  solitary  workers  they  found.  If  they  overtook  any 
woman  they  ravished  her,  and  they  waylaid  hunting  parties,  taking  the 
game,  after  beating  and  sometimes  killing  the  hunters.  There  was 
considerable  trouble  in  Awatobi,  and  Tapolo  sent  to  the  Oraibi  chief 
asking  him  to  bring  his  people  and  kill  the  evil  Awatobeans.  The 
Oraibis  came  and  fought  with  them,  and  many  were  killed  on  both 
sides,  but  the  Oraibis  were  not  strong  enough  to  enter  the  village,  and 
were  compelled  to  withdraw.  On  his  way  back,  the  Oraibi  chief  stopped 
at  Walpi  and  talked  with  the  chiefs  there.  Said  he,  '  I  can  not  tell 
why  Tapolo  wants  the  Oraibis  to  kill  his  folks,  but  we  have  tried  and 
have  not  succeeded  very  well.  Even  if  we  did  succeed,  what  benefit 
would  come  to  us  who  live  too  far  away  to  occupy  the  land  T  You  Walpi 
people  live  close  to  them  and  have  suffered  most  at  their  hands;  it  is 
for  you  to  try.^  While  they  were  talking  Tapolo  had  also  come,  and 
it  was  then  decided  that  other  chiefs  of  all  the  villages  shoald  convene 
at  Walpi  to  consult.  Couriers  were  sent  out,  and  when  all  the  chiefs 
had  arrived  Tapolo  declared  that  his  people  had  become  sorcerer 
(Christians),  and  hence  should  all  be  destroyed. 

^^It  was  then  arranged  that  in  four  days  large  bands  from  all  the 
other  villages  should  prepare  themselves,  and  assemble  at  a  spring  not 
far  from  Awatobi.  A  long  while  before  this,  when  the  Sx)aniards  hved 
there,  thej^  had  built  a  wall  on  the  side  of  the  village  that  needed  pnv 
tec'tion,  and  in  this  wall  \V^s  a  great,  strong  door.  Tapolo  x>roposed  that 
the  assailants  should  come  before  dawn,  and  he  would  be  at  this  door 
ready  to  admit  them,  and  under  this  compact  he  returned  to  his  village- 
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During  the  fourth  uight  after  this,  as  agreed  upon,  the  various  bands 
assembled  at  the  deep  gulch  spring,  and  every  man  carried,  besides  his 
weapons,  a  cedar-burk  torch  and  a  bundle  of  greasewood.  Just  before 
dawn  they  moved  silently  up  to  the  mesa  summit,  and,  going  directly 
to  the  east  side  of  the  village,  they  entered  the  gate,  which  opened  as 
they  approached.  In  one  of  the  courts  was  a  large  kiva,  and  in  it  were 
a  number  of  men  engaged  in  sorcerer's  rites.  The  assailants  at  once 
made  for  the  kiva,  and  plucking  up  the  ladder,  they  stood  around  the 
hatchway,  shooting  arrows  down  among  the  entrapi)ed  occupants.  In 
the  numerous  cooking  pits  lire  had  been  maintained  through  the 
night  for  the  preparation  of  food  for  a  feast  on  the  appointed  morning, 
and  from  these  they  lighted  their  torches.  Great  numbers  of  these 
and  the  bundles  of  greasewood  being  set  on  fire  were  then  cast  down 
the  hatchway,  and  firewood  from  stacks  upon  the  house  terraces  were 
also  thrown  into  the  kiva.  The  red  peppers  for  which  Awatobi  was 
famous  were  hanging  in  thick  clusters  along  the  fronts  of  the  houses, 
and  these  they  crushed  in  their  hands  and  flung  upon  the  blazing  fire 
in  the  kiva  to  torment  their  burning  occupants.  After  this,  all  who 
were  capable  of  moving  were  compelled  to  travel  or  drag  themselves 
until  they  came  to  the  sand  hills  of  Miconinovi,  and  there  the  final 
disposition  of  the  prisoners  was  made. 

"My  maternal  ancestor  had  recognized  a  woman  chief  (Mamzrau 
mofiwi),  and  saved  her  at  the  place  of  massacre  called  Maski,  and  now 
he  asked  her  whether  she  would  be  willing  to  initiate  the  woman  of 
Walpi  in  the  rites  of  the  Mamzrau.  She  comi}lied,  and  thus  the  observ- 
ance of  the  ceremonial  called  the  Mamzrauti  came  to  Walpi.  I  can  not 
tell  how  it  came  to  the  other  villages.  This  Mamzrau  moiiwi  had  no 
children  and  hence  my  maternal  ancestor's  sister  became  chief,  and  her 
badge  of  office  or  tiponi  came  to  me.  Some  of  the  other  Awatobi 
women  knew  how  to  bring  rain,  and  such  of  them  as  were  willing  to 
teach  their  songs  were  spared  and  went  to  different  villages.  The 
Oraibi  chief  saved  a  man  who  knew  how  to  cause  the  peach  to  grow, 
and  that  is  why  Oraibi  has  such  an  abundance  of  peaches  now.  The 
Miconinovi  chief  saved  a  prisoner  who  knew  how  to  make  the  sweet, 
small-ear  corn  grow,  and  this  is  why  it  is  more  abundant  there  than 
elsewhere.  All  the  women  who  knew  song  prayers  and  were  willing  to 
teach  them  were  spared,  and  no  children  were  designedly  killed,  but 
were  divided  among  the  villages,  most  of  them  going  to  Micoiiinovi. 
The  remainder  of  the  prisoners,  men  and  women,  were  again  tortured 
and  dismembered  and  left  to  die  on  the  sand  hills,  and  there  their 
bones  are,  and  the  place  is  called  Mast€omo  or  Death  Mound.  This  is 
the  story  of  Awatobi  told  by  my  old  people." 

One  of  the  most  definite  statements  of  this  and  all  variants  of  the 
surviving  legends  of  Awatobi  is  that  many  of  the  men  were  killed  in 
a  kiva.  It  is  manifestly  of  interest  to  verify  the  tradition  by  excava- 
tions.   In  my  limited  work  at  the  ruins  in  the  summer  of  1892,  I 
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o])ene(l  a  cbamber  28  by  14  feet  in  the  middle  of  the  rectangular  court 
of  the  eastern  portion  of  Awatobi,  100  feet  north  of  the  niinsion,  and  dis- 
covered a  human  skull  and  other  bones  which  evidently  had  not  been 
buried  with  care.  This  accorded  with  Hopi  tradition  pointing  to  this 
room  as  the  kiva  in  which  some  of  Awatobeaus  died  on  the  fatal  night 
of  the  massacre.  I  was  at  that  time  deterred  from  further  excava- 
tions in  the  kiva  by  the  horror  of  my  workmen  at  desecrating  the 
place.  This  summer,  however,  I  determined  to  continue  the  excava- 
tions there  and  to  follow  the  walls  of  adjacent  rooms.  The  results  led  to 
a  discovery  which  sheds  new  light  on  the  character  of  the  rooms  in  the 
middle  of  the  rectangular  court  of  the  eastern  part  of  Awatobi. 
Instead  of  a  single  room  at  this  point,  three  square  chambers  of  about 
the  same  size  were  found,  side  by  side,  and  in  the  center  of  the  floor  of 
the  middle  room,  6  feet  below  the  surface  of  the  ground,  I  came  ui)ou 
a  square  stone  shrine.  As  the  workmen  excavated  to  the  level  of  the 
floor,  I  noticed  in  the  middle  of  the  room  a  large  slab  of  stone  through 
which  had  been  cut  a  rectangular  orifice.  This  slab  was  removed  and 
below  it  was  laid  bare  a  crypt,  the  walls  of  which  were  made  of  four  stone 
slabs,  each  set  on  edge,  making  a  receptacle  about  2^  feet  square.  This 
crypt  was  evidently  a  shrine  or  sacred  receptacle  in  which  prayer  offer 
ings  were  deposited  in  old  pagan  rites,  for  its  floor  was  covered  with 
remains  of  prayer  sticks,  some  of  which,  colored  with  green  pigment, 
were  well  preserved.  It  was  without  doubt  a  place  of  offerings  to  rain 
gods,  for  on  each  of  the  four  stone  walls  which  inclosed  it  a  rain-cloud 
symbol  was  drawn  in  black  pigment.  The  figure  of  the  rain  cloud  thus 
outlined  on  the  slab  at  the  north  side  was  colored  yellow,  that  at  the  we^^t 
green,  that  at  the  south  red,  and  the  slab  at  the  east  white,  showing 
an  association  of  colors  with  world  quarters  which  still  forms  a  prom- 
inent feature  in  Tusayan  rituals. 

The  situation  of  this  shrine  in  the  middle  of  an  ancient  dance  ]>lace 
is  interesting  in  comparisons  with  modern  usages,  for  even  to  the  pres- 
ent day,  in  several  of  the  inhabited  Tusayan  towns,  the  middle  of  the 
plaza,  where  ceremonial  dances  are  performed,  is  occupied  by  a  stone 
shrine  in  which  prayer  sticks  are  placed,  as  I  have  repeatedly  described 
ill  my  accounts  of  religious  observances  of  these  people.  In  modern 
conceptions  this  centrally  placed  shrine  is  said  to  be  symbolic  of  a 
mythic  opening  out  of  which,  in  their  cosmogony,  races  came  in  the 
beginning,  from  the  Underworld,  and  there  is  little  doubt  that  the 
same  belief  was  associated  with  the  buried  cyst  excavated  at  Awatobi. 

The  western  or  ancient  portion  of  Awatobi  is  a  high  mound  rising 
su^eply  from  the  south  at  the  edge  of  the  mesa  and  sloping  graduidly 
toward  the  north  and  west.  It  is  probable,  judging  from  the  configura 
tions,  that  when  inhabited  the  buildings,  the  debris  of  which  forms 
this  mound,  rose  vertically  from  the  edge  of  the  cliff  to  a  height  of  four 
stories  and  sloped  by  terraces  to  the  level  surface  of  the  mesa  on  the 
north.    By  cutting  into  the  mound  on  the  steep  side,  we  were  able  to 
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examine  in  vertical  section  the  arrangement  of  rooms  one  above  another. 
We  excavated  a  number  of  almost  parallel  walls,  apparently  couverg 
ing  to  the  middle  of  the  mound,  and  found  the  intervals  between  them 
to  be  cut  off  by  cross  walls  into  series  of  rooms.  The  deeper  we  pene- 
trated the  mound,  following  the  level  of  the  mesa  surface,  the  higher 
the  walls  became;  and  if,  as  I  suspect,  these  slightly  converging  walls 
penetrate  to  the  heart  of  the  mound,  there  is  no  doubt  that  the  old 
part  of  Awatobi  was  a  compact  communal  building  four  stories  high. 
It  is  likewise  evident  from  the  shape  of  the  mound  that  the  western 
portion  of  Awatobi  was  of  pyramidal  shape,  without  inclosed  court, 
although  possibly  penetrated  by  passageways  or  narrow  streets. 
Drifting  sand  and  falling  walls  have  combined  to  form  these  compact 
mounds,  from  which  no  section  of  a  wall  rises  above  the  general  level; 
but  wherever  we  penetrated  below  the  surface  there  the  walls  remained 
unchanged,  and  if  we  dug  down  to  the  floor  through  the  debris  we 
found  the  remains  of  household  utensils  used  by  the  former  occupants. 

The  general  features  of  rooms  on  the  south  or  steep  side  of  the  w^est- 
em  mound,  as  shown  in  the  annexed  plate,  are  similar.  The  masonry 
of  the  walls  is  composed  of  aligned  stones,  showing  evidences  of  hav- 
ing been  hewn  or  dressed  with  some  care  at  construction.  Plastering 
was  generally  present,  and  in  many  instances  was  as  well  preserved  as 
the  day  the  village  was  deserted.  Kafters  and  floor  joists  had  fallen 
and  been  buried  in  debris,  but  when  dug  out  were  found  in  such  a  good 
state  of  preservation  that  they  were  available  for  fuel.  The  builders 
who  put  them  in  place  centuries  ago  had  not  known  the  saw  or  metallic 
ax,  for  each  log  had  been  laboriously  cut  with  the  stone  implements 
with  which  he  was  familiar. 

The  appearance  of  an  excavated  room  of  the  northern  slope  of  the 
western  mound  may  be  seen  in  the  accompanying  plate.  Here  all  indi- 
cations point  to  the  belief  that  we  have  a  single-storied  room,  the  raft- 
ers and  other  remains  of  the  roof  having  been  removed  from  the  debris 
excavated  from  the  floor.  In  one  corner  there  was  a  small,  sciuare 
closet,  and  filling  the  interval  between  it  and  the  opposite  wall  a  raised 
seat.  The  walls  were  made  of  small  stone  blocks  with  nicely  polished 
plaster,  while  the  floor  was  paved  and  covered  with  adobe.  The  adjoin- 
ing rooms  over  the  whole  northwestern  area  of  the  mounds  showed 
little  variation  save  in  details. 

If,  therefore,  I  may  be  permitted,  in  the  light  of  my  explorations,  to 
reconstruct  the  original  pueblo  of  Awatobi,  as  it  appeared  to  the  eager 
eyes  of  the  Spaniards  early  in  the  sixteenth  century,  I  should  say  that 
it  consisted  of  a  large  communal  building  of  pyramidal  shape,  four 
stories  high  at  the  apex,  rising  abruptly  from  the  edge  of  a  precipice 
on  the  south,  and  sloping  gradually  northward  by  a  succession  of 
terraces  to  a  range  of  one-storied  rooms.  At  that  time  there  was 
probably  a  si>ur  of  rooms  extending  eastward  and  facing  a  dance  plaza, 
in  the  middle  of  which  was  a  kiva  and  shrine.    At  the  close  of  the 
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next  century  there  had  been  added  the  eastern  part  of  the  pueblo, 
the  Mission  of  San  Bernardino,  erected  at  the  edge  of  the  cliff  and 
connected  with  the  spur  on  the  north  side  by  a  lofty  wall  in  which  was 
a  wide  gateway,  remnants  of  the  buttresses  of  which  can  still  be 
traced.  Through  this  gate  the  hostiles  poured  on  that  fatal  night, 
almost  two  centuries  ago,  admitted  to  the  doomed  village  by  a  treach- 
erous chief,  and  in  the  southeast  corner  of  the  court,  in  front  of  the 
church,  transpired  one  of  the  most  brutal  tragedies  of  the  times.  That 
many  persons  were  massacred  a  few  feet  from  the  church  is  shown  by 
the  many  skeletons  which  have  been  found  there,  evidently  thrown 
promiscuously  in  a  heap,  without  pious  regard  or  the  sympathetic 
ofi'ering  of  food  in  mortuary  vessels. 

It  was  evident  from  my  excavations  that  the  fury  of  the  assailants 
was  especially  directed  against  the  eastern  quarter  where  the  mission 
was  situated,  which  is  easily  explained  on  the  ground  that  the  dwell- 
ings of  the  party  favorable  to  Christianity  would  naturally  be  in  that 
section.  The  evidences  of  a  great  conflagration,  which  appeared  every- 
where in  this  part,  showed  in  several  houses  where  granaries  of  corn  had 
formerly  been.  A  hostile  band  would  not  have  thus  destroyed  food 
material  unless  its  rage  had  been  great  or  the  conflagration  beyond  its 
control.  It  was  not  apparently  the  purpose  of  the  hostiles  to  sack  Awa- 
tobi,  but  to  effectually  root  out  its  sorcery — the  dreaded  innovations  in 
pagan  belief  which  the  zeal  of  the  padres  was  making  in  its  midst. 

For  prehistoric  customs  of  the  aboriginal  life,  unmodifie<l   by  the 
Spaniards,  we  must  look  to  the  western  section.    The  excavations  in 
different  regions  of  this  part  brought  to  light  a  strange  mortuary  prac- 
tice.   It  has  long  been  known  that  the  prehistoric  villagers  of  onr 
Southwest  buried  i)ersons  of  distinction  in  or  on  the  floors  of  their 
dwelling  rooms.    Instances  of  intramural  burials  have  been  reported 
from  the  Gila  and  Salado  Valley  ruins  and  the  ancient  ruins  of  (Mbola 
called  Halona  (Zufii)  and  Heshotau^hla,  but  up  to  the  present  no  case 
of  Tusayan  house  burial  has  been  found.    My  studies  of  Awatobi,  how- 
ever, show  the  existence  of  this  custom  in  that  town. 

One  of  the  best  of  these  house  burials  was  found  in  a  chamber  on 
th{i  south  side  of  the  western  mounds,  near  the  edge  of  the  cliff.  On 
opening  a  room  at  that  point  we  found  unmistakable  evidences  that  it 
was  a  burial  chamber,  for  resting  on  the  floor  a  skeleton  was  discovereti 
stret(4ied  at  full  length,  the  head  slightly  turned  to  the  northeast. 
Around  this  skeleton  had  been  placed  as  mortuary  offerings  or  symbols 
of  rank,  a  collection  of  objects  of  such  a  nature  as  to  indicate  that  it 
was  that  of  a  chief,  and  Kopeli,  a  competent  authority,  declared  that 
the  evidence  showed  this  to  be  the  remains  of  a  warrior  priest.  Eigbt 
pieces  of  pottery  lay  near  the  bones  of  the  head  and  breast  of  the  dead 
chieftain.  Four  of  these  vessels  were  small,  globular  paint  bowls, 
made  of  black  and  white  ware,  and  placed  inside  a  beautiful  vase  of 
red  color.    These  small  receptacles  contained  the  warrior's  i)aiut,  red 
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and  yellow  ])igments,  aud  a  micaceous  hematite,  which  is  still  used  by 
the  Snake  priests  and  other  warriors  to  decorate  their  cheeks  on  cere- 
monial occasions. 

A  beautifully  decorated  black  and  white  ware  vase  stood  near  by, 
covered  with  an  inverted  ladle,  and  containing  several  arrowpoints  of 
fiuest  workmanship.  There  were  no  food  vessels  or  basins  as  in  ordi- 
nary burials,  and  no  original  means  of  entrance  into  the  chamber  of 
death  could  be  found.  The  chief  had  been  entombed  in  the  room  with 
pious  care,  aud  afterward  the  walls  of  masonry  were  sealed  about  him. 
There  were  no  evidences  of  post-mortem  entrance  to  the  chamber,  aud 
nothing  to  show  that  it  was  a  living  room  subsequently  to  the  burial. 
The  mode  of  intramural  interment  was  not  common  at  Awatobi,  but 
most  of  the  dead  were  buried  outside  the  town,  as  the  cemeteries  north 
and  west  of  the  village  abundantly  prove.  It  is  significant  that  this 
solitary  instance  of  house  burial  was  found  in  the  oldest  part  of  the 
ruin,  and  it  is  probable  that  after  the  advent  of  the  Spaniards  the  cus- 
tom was  abandoned,  except  in  those  instances  where  the  walls  or  floor 
of  the  mission  were  used  for  that  purpose. 

The  Awatobeans  buried  most  of  their  dead  outside  their  village  in 
the  shifting  sand  dunes  north  and  west  of  their  old  town,  and  in  the  foot- 
hills at  the  base  of  their  mesa.  The  interments  in  the  sand  were  gen- 
erally, as  in  modern  Tusayan  burials,  found  to  be  accompanied  with 
food  bowls  of  finest  yellow  ware,  or  with  rude  cooking  pots  or  bowls 
and  sli])per-shape  jars,  in  all  of  which  fragments  of  food  were  detected. 
Most  of  the  skeletons  from  these  cemeteries  which  were  examined  had 
been  placed  in  a  sitting  posture,  the  knees  brought  up  to  the  chin,  and 
the  pottery  offerings  were  deposited  at  one  side.  Several  of  the  dead 
bad  wooden  slats  painted  green,  which,  in  one  instance,  was  held  in 
the  left  hand.  This  offering,  called  a  prayer  stick,  was  decorated  with 
two  figures  of  the  dragon  fly  painted  in  black  outlines. 

The  interments  at  tlie  base  of  the  mesa  seem  to  have  been  made  in 
shallow  graves  among  the  rocks,  and  were  accompanied  with  food 
offerings  deposited  in  decorated  bowls.  In  one  of  these  graves  I  found 
two  nests  of  food  bowls,  each  composed  of  six  specimens,  one  at  the 
side  of  the  other.  At  another  grave,  which  was  identified  as  that  of  a 
person  high  in  sacerdotal  standing,  there  was  a  colander  i)ierced  with 
a  double  row  of  holes  arranged  in  the  form  of  a  Greek  cross,  and  filled 
with  stone  arrowpoints,  charm  stones,  and  pigments.  This  colander 
may  have  been  used  by  the  priest  in  sifting  sand  on  the  floor  of  the 
kiva  or  sacred  room  when  he  made  the  sand  picture,  an  important 
accessory  of  the  altar.  At  the  skull  of  the  same  priest  there  was  a 
stone  fetish  of  the  puma,  and  near  his  breastbone  an  elaborately  carved 
prayer  stick,  upon  which  the  impression  of  a  feather  was  still  to  be  seen. 
How  long  ago  these  objects  were  placed  by  the  survivors  on  the  graves 
of  their  kindred  I  can  not  say,  suffice  is  it  to  know  that  funeral  habits 
still  practiced  by  the  Mokis  find  their  counterpart  in  villages  of  their 
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kin  which  were  destroyed  centuries  ago.  The  ethnologist  who  reads 
aright  the  evidences  can  no  longer  ascribe  the  custom  of  placing  food 
upon  the  grave  as  one  derived  from  the  Spaniards.  It  is  aboriginal, 
and,  as  we  shall  later  see,  was  customary  in  Tusayan  before  a  single 
christian  had  trodden  the  soil  of  Tusayan. 

From  the  rich  collection  of  objects  which  were  brought  to  light  by 
my  excavations  at  Awatobi,  I  will  mention  only  a  few  of  the  more  inter 
esting.  The  town  was  directly  under  Spanish  influence  sporadically 
from  1540  to  1700,  and  it  is  not  astonishing  to  find  traces  of  this  intla- 
ence.  During  that  time  was  built  the  Mission  of  San  Bernardino,  a 
large  building  differing  in  architecture  from  the  aboriginal  houses.  In 
excavations  near  the  ruins  of  this  mission,  I  found  metallic  objects,  a 
rusty  knife  blade,  copper  fragments,  nails,  glass,  and  glazed  iK)ttery. 
These  and  similar  objects  seem  to  have  been  introduced  iu  considerable 
quantity,  considering  the  isolation  of  the  province  and  its  difficulty  of 
access.  We  may  well  suppose  that  the  influence  of  the  Catholic  priests 
on  manners  and  customs  was  even  greater  than  that  indicated  by  the 
foreign  objects  which  were  brought  with  them.  At  heart,  no  doubt 
Awatobi  was  still  pagan  when  the  other  pueblos  destroyed  it,  and 
the  majority  of  the  objects  found  are  therefore  strictly  aboriginal  in 
character. 

The  pottery  which  was  collected  at  Awatobi  belongs  for  the  most 
part  to  the  fine  yellow  ware  for  which  Tusayan  is  famous,  with  here 
and  there  bowls  made  of  black  and  white  ware,  the  distinctive  pottery 
of  the  cliff  builders.  It  consists  of  coarse  coiled  ware,  cooking  vessels, 
and  shoe-form  vases,  with  ladles,  jars,  and  amphoras,  numbering  in 
all  about  a  hundred  pieces.  To  articles  made  of  clay  baked  in  the  sun 
and  fired  by  the  heat  of  coal  are  referred  bird-like  pendants,  some  of 
which  are  in  the  form  of  shell  gorgets,  painted  and  incised.  The  Awa- 
tobi priest  used  a  cigar-holder  form  of  pipe,  in  which  native  tobaco) 
was  smoked  during  ceremonials. 

A  single  small  clay  bell,  similar  in  form  to  copper  bells  from  Old 
Mexico,  is  unique,  having  never  before  been  duplicated  in  TusayaB 
ruins. 

We  know  from  historical  sources  that  the  Awatobi  priests  at  thf 
time  of  the  Conquest  wore  cotton  kilts,  and  in  early  documents  it  is 
stated  that  they  presented  many  *< cotton  towels"  to  Antonio  de  Esjiei^ 
when  he  made  his  way  to  Tusayan  in  1583.  Although  woven  ropes  weiv 
found  in  one  of  the  older  houses,  no  cotton  fabrics  rewarded  our  search. 
The  ropes  and  strings  which  were  found  were  made  of  the  tough  fiber 
of  the  agave.  The  bones  of  the  turkey  and  other  birds  were  worked 
into  awls,  bodkins,  needles,  and  pins.  Cut  into  sections,  the  leg  l)one^ 
of  birds  were  used  as  necklaces,  and  one  of  the  longer  of  these  section* 
was  pronounced  hy  the  Indians  a  whistle,  such  as  is  now  employed  in 
the  secret  rites  of  the  inhabited  pueblos. 

The  turquoise  was  prized  then,  as  now,  as  :\n  ornamental  stone,  av^ 
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its  inhabitants  and  those  of  Walpi,  which  was  then  situated  on  foot- 
hills to  the  west  of  the  mesa,  not  having  yet  been  moved  to  its  com- 
manding position  on  the  summit.  The  outcome  of  many  dispnt^es 
between  the  two  pueblos  brought  on  a  tragic  destruction  of  the  place, 
after  which  such  of  the  hostile  element  as  escai)ed  fled  to  Awatobi,  then 
a  flourishing  village,  15  miles  away;  the  remainder  were  incorporated 
with  the  population  of  the  victorious  town.  A  sanguinary  story  of 
adventure  is  woven  into  the  legends  relating  to  the  causes  of  this 
destruction  of  a  whole  village.  One  of  the  youths  of  Sikyatki,  disguised 
as  a  dancer  and  wearing  a  mask,  killed  a  woman  spectator  while  a 
ceremony  was  in  progress  at  Walpi.  He  escaped  from  the  town,  ran 
along  the  cliffs,  taking  off  his  mask  and  boasting  of  his  deed.  These 
taunts  inflamed  the  Walpians  to  vengeance,  and  when  the  men  of 
Sikyatki  were  occupied  in  the  fields  their  warriors  fell  upon  the  town 
and  destroyed  it.  There  is  no  way  to  prove  the  truth  of  this  legend, 
but  there  can  be  little  doubt  that  Sikyatki  fell  many  years  ago.  It  is 
interesting  to  remember  that  in  those  old  days  Walpi  was  probably  the 
only  other  Tusayan  town  at  the  East  mesa,  and  therefore  the  only 
rival  which  Sikyatki  had  near  by.  The  Tanoan  people,  whose  descend- 
ants now  inhabit  Hano,  the  nearest  village,  had  not  migrated  from  the 
Eio  Grande,  an(?  the  little  town  Sitcomovi,  midway  between  Hano  and 
Walpi,  had  not  been  built  on  the  mound  covered  with  flowers  which 
gave  it  its  name. 

As  one  crosses  the  plain  following  the  road  from  the  entrance  to 
Keams  Canyon  to  the  modern  Moki  settlement  near  Isba  or  Coyote 
Spring,  the  main  water  supply  of  Hano,  he  sees  far  to  the  right,  on 
the  mesa  top,  two  conical  mounds,  which  are  conspicuous  for  mile& 
These  teocalli-like  elevations  are  called  Kiikiitcomo,  and  are  circular 
ruins,  possibly  contemporaneous  with  Sikyatki,  of  which  they  were 
defensive  outlooks.  They  are  situated  just  above  the  mounds  whicb 
mark  the  ruins  of  that  village  on  the  foothills  beneath,  and  were  no 
doubt  wisely  chosen  for  defense  against  the  Walpians.  Between  them 
and  the  present  towns  the  mesa  narrows,  and  what  was  once  a  strong 
defensive  wall  can  still  be  traced,  crossing  the  mesa  at  its  narrow 
lioint.  Sikyatki  lies  among  foothills,  surrounded  by  stretches  of  sand, 
elevated  a  few  hundred  feet  above  the  plain.  Elsewhere  than  in 
Tusayan  its  site  would  be  regarded  jnost  desolate,  but  an  enterprising 
Indian,  claiming  the  ruin  from  the  relationship  of  his  wife,  still  har- 
vests from  these  barren  sands  a  considerable  crop  of  melons  and 
squashes,  planting  his  vines  where  the  plaza  once  was.  Other  Indians 
claim  the  stunted  peach  trees  which  grow  near  by.  Not  a  trace  of  the 
walls  of  ancient  Sikyatki  stand  above  the  mounds,  although  the  outlines 
of  houses  can  be  followed  everywhere  on  the  surface.  Since  the  village 
became  a  ruin  roofs  have  fallen  in,  drifting  sand  has  blown  into  the 
chambers,  and  the  sagebrush  and  other  desert  plants  have  taken  root 
in  the  covering  debris,  forming  a  succession  of  mounds  of  rectangular 
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rrangement,  whose  only  Labitauts  are  reptiles  and  noxious  insects, 
uch  is  the  desolation  of  an  ancient  pueblo  where  once  lived  a  people 
ho  manufactured  in  prehistoric  times  some  of  the  most  artistic  pot- 
jry  ever  made  in  North  America.  Even  the  Indians  from  the  neighbor- 
ly villages  who  visited  me  and  saw  the  beautiful  ware  which  I  exhumed 
'om  these  desolate  mounds  and  sands  did  not  fail  to  contrast  the  past 
ith  the  present.  The  best  potter  of  the  P^ast  mesa,  an  intelligent 
oman  from  llano,  named  Namino,  acknowledged  that  her  productions 
ere  far  inferior  to  those  of  the  women  of  Sikyatki,  and  she  begged  per- 
tission  to  copy  some  of  tlie  decorations  for  future  inspiration.  The 
ight  of  this  dusky  woman  and  her  husband  copying  the  designs  of 
iicient  ware  and  acknowledging  their  sui)eriority  was  instructive  in 
lany  ways. 

The  northeast  corner  of  the  rectangular  mounds  of  Sikyatki  rises 
ito  a  rocky  pinnacle,  steep  on  the  nortli  and  sloping  by  a  gentle  rise 
om  the  south  and  east.  This  elevation  was  formerly  crowned  with 
ouses,  as  will  soon  be  made  evident,  and  from  its  commanding  position 
as  early  in  our  work  called  an  aeropolis.  The  accompanying  plan  of  the 
hole  village  shows  that  it  was  rectangular,  with  northern  and  western 
luges  of  houses  much  higher  than  the  southern  and  eastern.  This  is 
iadily  referred  to  the  contour  of  the  foothills  chosen  by  the  ancient 
iiilders  as  the  site  of  their  town,  the  high  rock  of  the  acropolis  being, 
ithout  doubt,  the  first  part  on  which  houses  were  erected.  The  four 
ongated  sides  which  give  the  rectangular  form  to  the  mounds  inclosed 
rectangular  court  in  which  are  smaller  mounds,  remnants  possibly  of 
ivas,  and  level  spaces  now  marked  off' with  rows  of  st<mes  inclosing 
lodern  fields  of  melons  dnd  squash  plants.  At  the  southern  angle 
svo  significant  buttresses  in  the  bounding  mound  suggest  a  gateway  by 
?^hich  the  court  of  the  village  was  entered.  Some  archjeologists  have 
isisted  that  the  rectangular  form  of  pueblos  is  a  modem  type,  but  the 
ains  of  Sikyatki  take  this  form  back  to  prehistoric  times. 
In  considering  a  ruin  as  large  as  Sikyatki,  it  is  quite  impossible  for  me 
'  the  limited  space  allowed  iu  this  preliminary  report  to  do  more  than 
'oose  a  few  typical  rooms  in  order  to  give  an  idea  of  the  character  of 
o  architecture  of  the  habitations  of  the  Sikyatkians.  T  have,  there- 
f c,  chosen  as  a  type  the  rooms  of  the  acropolis,  which  were  carefully 
oavated  under  my  direction  byKopeli,the  Snake  chief,  one  of  the 
^t  Indian  workmen  employed. 

VVhen  I  began  excavation  at  this  part  of  the  ruin,  we  ha<l  no  trace  of 
»-lls  to  guide  us,  but  by  removing  the  surface  debris  we  found  a 
^ble  line  of  rooms  forming  a  ridge  extending  about  north  and  south, 
lowing  the  rise  to  the  top  of  the  rock,  which  was  about  level  at  this 
int.  The  rooms  were  excavated  to  their  floors,  where  a  stone  pave- 
-ut  resting  on  the  rock  was  found  5  feet  below  the  surface.  The 
^lls  were  constructed  of  scjuared  stones,  set  iu  adobe  mortar  and 
^oothly  plastered  with  the  same  material. 
SM  95 37 


578      THE   CLIFF   VILLAGES   OF   THE   RED   BOCK    COUNTRY. 

The  accompanying  cut  shows  the  groand  plan  of  nine  of  these  rooms, 
which  for  purposes  of  study  are  lettered  A  to  J,  acconix)aDied  with 
dimensions.  It  will  be  seen  that  the  largest  were  about  8  feet  square, 
of  regular  shape,  and  that  the  smallest  was  a  narrow  recess  not  com 
municating  with  the  others.  Several  of  the  chambers  had  passage- 
ways connecting  them  as  indicated,  and  no  doubt  belonged  to  the  same 
household. 

On  the  sides  of  the  walls  I  found  several  niches  or  cubbvboles  nicelv 
plastered,  in  which  objects  used  in  daily  life  had  been  left  over  tbree 
hundred  years  ago  when  the  rooms  were  abandoned,  and  the  soot  of 
ancient  fireplaces  still  intact  had  not  been  obliterated  during  the  gen 
erations  during  which  the  walls  had  been  buried.  In  one  corner  of  room 
A  we  found  a  large,  coarse  jar,  in  which  no  doubt  wat-er  for  daily  nse 
had  been  kept  or  possibly  the  food  cooked,  and  numerous  other  jars 
littered  the  floor.  The  plastering  of  the  masonry  in  rooms  0  and  E 
was  especially  well  done,  and  a  x>ortion  of  it  when  removed  and  cut  in 
section  exhibited  many  strata,  showing  the  many  times  some  carefal 
housewife  had  replastered  her  house,  or  transmitted  this  task  to 
descendants. 

The  majority  of  the  objects  found  at  Sikyatki  were  obtained  from 
extramural  cemeteries  which  are  situated  in  sandy  places,  on  three 
sides  of  the  town,  a  few  hundred  feet  beyond  the  outer  walls.  A 
choice  collection  of  food  basins  of  remarkable  fineness  and  beauty  of 
form  and  decoration  were  obtained  from  these  burial  places.  These 
and  the  many  smaller  objects  found  with  them  present  a  most  instruc 
tive  picture  of  prehistoric  mortuary  customs. 

It  was  customary  for  the  Sikyatki,  as  for  the  W'alpi  Indians,  to  place 
pottery,  with  food  and  prayer  sticks,  fetiches,  and  stone  implements 
in  the  graves  of  their  dead.  As  these  objects  from  the  graves  bear 
unmistakable  evidence  of  having  been  in  use  previously  to  burial,  tff 
can  obtain  from  an  examination  of  them  a  good  idea  of  honseboi<l 
utensils  used  by  the  Sikyatkians.  Moreover,  the  dead  were  at  timtf 
buried  with  their  personal  ornaments  and  ceremonial  parax)herna]ia- 
insignia  of  rank,  and  the  like^ — all  of  which,  when  rightly  interpreted, 
are  most  important  in  the  study  of  the  life  of  prehistoric  Tusayan. 

The  number  of  skeletons  which  were  found  reached  into  the  hno- 
dreds,  and  as  almost  every  burial  was  accompanied  by  one  or  moit 
food  vessels,  vjises,  or  ladles,  the  number  of  objects  obtained  vi» 
correspondingly  large.  The  majority  of  the  skeletons,  on  account  of 
their  great  age,  were  in  a  very  poor  state  of  preservation,  and  in  morf 
eases  only  a  fine  dust  indicated  the  presence  of  the  dead. 

From  my  knowledge  of  surviving  customs  at  Walpi,  it  was  possible 
in  some  instances  to  determine  the  sex  and  standing  in  the  tribe  of  the 
dead  from  votive  offerings,  a  work  in  which  I  was  aided  by  intelligent 
priests  who  visited  me  during  the  excavations.  No  trace  of  metal  or 
other  material  which  showed  the  influence  of  white  man  was  discovered 
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at  Sikyatki,  and  the  conclusion  is  logical  that  in  studying  the  objects 
from  this  ruin  we  are  considering  the  unmoditied,  purely  aboriginal 
cultus  of  Tusayan. 

The  bowls  and  other  kinds  of  pottery  found  in  the  Sikyatki  ceme- 
teries in  most  instances  contained  the  remains  of  votive  food  ofl'erings, 
the  character  of  which  obviously  could  not  be  made  out.  In  addition 
to  perishable  foods,  other  objects,  like  stones,  arrowheads,  beads,  and 
prayer  sticks,  were  likewise  placed  in  the  earthenware  pottery  by  the 
side  of  the  dead.  One  of  the  most  interestin  g  of  these  mortuary  offerings 
was  a  small,  textile  fabric — the  only  one  of  this  kind  which  occurred — 
resembling  a  feather  cloth.  As  the  production  of  feather  garments, 
blankets,  cloth,  and  the  like  was  extensively  practiced  by  the  cliff 
dwellers,  and  its  fabrication  is  recounted  in  many  Tusayan  legends,  it 
is  instructive  to  find  evidence  of  it  in  this  old  Tusayan  ruin. 

By  far  the  most  novel  of  wooden  mortuary  objects  found  in  Sikyatki 
graves  were  the  so-called  prayer  sticks,  of  which  a  number  of  different 
kinds  were  exhumed.  These  prayer  sticks  varied  in  form  from  simple 
wooden  slats  to  pencil-like  rods  carved  with  ferules.  Considering,  as 
we  must,  that  they  were  cut  out  with  stone  implements  by  people  ignorant 
of  metal  knives,  they  are  tine  examples  of  Stone  Age  wood  carving, 
even  although  the  wood  of  which  they  were  fashioned  is  soft  and 
easily  worked.  As  a  rule,  they  were  painted  with  pigments  of  two 
colors,  green  and  black.  The  green  is  a  powdered  carbonate  of  cop- 
per, fragments  of  which  were  likewise  found  in  the  graves.  Certain 
of  the  prayer  sticks  were  identical  with  those  now  used  by  the  Flute 
fraternity  at  Walpi,  thus  supporting  the  claim  made  by  this  society 
that  their  ancestors  were  among  the  most  ancient  people  in  Tusayan, 
and  were  early  represented  at  Sikyatki.  The  presence  of  a  prayer 
offering  similar  to  that  characteristic  of  the  Flute  priesthood  would 
seem  to  indicate  that  the  person  in  whose  grave  it  was  found  belonged 
to  that  family.  One  of  the  largest  of  these  prayer  sticks  was  that 
shown  in  the  accompanying  illustration,  which  is  a  remarkable  form, 
not  used  at  the  present  day.  So  well  preserved  are  some  of  these 
wooden  prayer  offerings  that  the  imprint  of  feathers  and  pine  needles 
can  still  be  detected  upon  them.  Many  of  these  prayer  sticks  are 
undoubtedly  offerings  to  Masauwfih,  the  Death  God,  and  it  is  inter- 
esting in  this  connection  to  mention  the  fact  that  at  the  close  of  work 
each  day  the  Indian  laborers  prepared  a  twig  with  attached  feathers, 
which  they  placed  in  the  trenches,  sprinkling  them  with  sacred  meal, 
and  at  the  same  time  breathing  a  prayer  to  the  dreaded  Death  God, 
whose  realm  they  had  invaded  in  disturbing  the  graves.  The  horror 
at  disturbing  the  dead,  and  the  superstitious  fear  which  led  the  Mokis 
to  refuse  to  touch  a  human  bone,  was  thus,  to  them,  satisfactorily  offset 
by  propitiatory  observances. 

Several  pipes,  one  of  which  was  of  especially  fine  workmanship,  were 
found  in  the  graves.    These  pipes  were  shaped  like  cigar  holders,  short 
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and  stemless,  the  surface,  in  a  few  instances,  decorated  with  incised 
lines.  Their  presence  in  graves  is  readily  explained  when  we  remem- 
ber that  originally  smoking  was  a  ceremonial  habit^  and  a  certain 
reverence  is  still  i)aid  by  the  priest  to  the  pipe,  which  he  uses  in  tbe 
celebration  of  the  mysteries.  The  fragments  of  one  herb  found  in  one  of 
the  food  basins  has  been  identified  as  probably  belonging  to  the  geuas 
Nicotiana,  the  native  American  tobacco  i)lant,  and  it  is  well  knowu 
that  even  to  the  present  day  food  offerings,  sprinkled  with  dried 
tobacco  leaves,  are  made  before  certain  feasts  following  great  ceremo- 
nials. A  well-made  stone  fetish  of  a  mountain  lion,  found  with  a  bowl 
of  arrowheads,  was  thought  to  indicate  that  the  dead  with  which  thejr 
occurred  belonged  to  a  warrior  society.  The  lips  of  this  fetish  still 
showed  the  red  pigment  with  which  they  had  been  painted. 

Fragments  of  obsidian  were  apparently  highly  prized  by  the  ancieut 
people  of  Sikyatki.  From  this  material,  which  had  been  carried  along 
distance  to  reach  Tusayan,  arrowheads  were  made.  As  a  substance 
of  value  it  was  deposited  in  masses  in  the  mortuary  vessels. 

There  is  evidence  that  the  ancient  people  of  Tusayan  used  coal  for 
fuel,  seams  of  which  underlie  their  pueblos,  but  in  course  of  time  tliis 
substance  had  fallen  into  disuse,  so  that  it  is  unknown  as  a  fuel  today.' 
Coal  in  the  form  of  lignite  was  also  polished  into  ornaments,  a  slab  of 
which,  perforated  for  suspension,  was  takeu  from  one  of  the  graves. 
Similar  i)olished  lignite  slabs  also  occur  in  graves  and  elsewhere  m 
ruins  as  far  south  as  the  Gila,  and  from  the  province  of  Cibola  or  Zufii. 

The  well-known  turquoise  beads  were  prized  for  ornamental  purposes 
by  the  ancient  Sikyatkians,  and  their  existence  in  prehistoric  graves 
implies  barter  with  distant  people  of  the  Rio  Grande.  SUibs  of  mm 
and  selenite  were  drilled  and  fashioned  into  pendants  to  be  worn  on  tbe 
neck  or  in  the  ears.  The  most  common  form  of  necklace  was  made  of 
short  segments  of  the  leg  bones  of  some  birds  strung  together.  Tiie^se 
were  stained  green ;  and  from  around  the  neck  bones  of  one  skeleton 
which  was  exhumed  a  many-stranded  necklace  of  this  kind  was  taken, 
some  of  the  beads  of  which  still  preserved  the  green  color,  A  saucer- 
like  basin  contained  several  scores  of  hard  seeds,  each  perforat-i^d  and 
ai)parently  used  for  beads. 

A  large  number  of  mortuary  food  basins  contained  small,  smooth 
stcmes  similar  to  those  still  used  in  polishing  pottery.  With  these 
were  likewise  concretionary  nodules,  quartz  crystals,  fragments  of 
stalactites,  and  in  one  instance  a  fossil  cephalopod.  A  similar  shell 
is  one  of  the  most  sacred  objects  contained  in  the  badge  of  chieftaincy 
of  a  woman's  society  called  the  Lalakontii  at  the  present  day, 
and  we  may  rightly  suspect  that  it  was  held  in  like  reverence  in  old 
Sikyatki. 


'This  change  probably  took  place  at  the  introduction  of  Bh*;epy  whoHedrie<l  drop 
Itings  are  now  used  in  firing  pottery. 
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Eepeated  questioning  of  the  Snake  chief,  who  was  one  of  my  work- 
men, failed  to  elicit  any  legend  that  the  Snake  family  once  lived  at 
Sikyatki,  but  a  rattle  of  the  rattlesnake  found  in  a  mortuary  food  ves- 
sel calls  to  mind  the  reverence  with  which  this  reptile  is  held  by  the 
two  societies  of  priests  which  biennially  celebrate  tlie  well-known  snake 
dance. 

The  small  red  disks  punctured  near  the  rim  are  regarded  as  ear  orna- 
ments. Some  of  these  are  notched  on  the  border,  as  if  to  facilitate 
winding  with  string,  while  others  were  unperforate,  slightly  convex 
on  each  side.  Some  of  these  pendants  were  rectangular,  but  generally 
smooth  and  highly  polished.  Two  specimens  of  the  shell,  OUva  angulata 
Lam.,  were  found  in  one  food  bavsin,  which  indicates  either  that  the 
Sikyatkians  traded  with  those  tribes  who  obtained  it  from  the  Gulf  of 
California  or  that  it  passed  by  barter  among  peoples  who  did.  Their 
occurrence  likewise  shows  that  in  prehistoric  times  seashells  were 
I)rized  by  the  Sikyatkians  in  much  the  same  way  as  at  present. 

Most  problematical  of  all  mortuary  objects  are  the  large  white  disk- 
shape  fragments  of  kaolin,  which  are  artilicially  fashioned  and  perfo- 
rated at  the  axis.  One  of  these  was  found  upon  the  cranium  of  a  skull, 
over  which  it  fitted  like  a  crowMi. 

The  cylindrical  clay  object,  with  reticulated  surface,  was  immedi- 
ately identified  by  Indian  workmen  as  an  imitation  of  a  corn  fetish, 
whose  surface  was  formerly  studded  with  seeds  of  maize.  A  similar 
ceremonial  object  is  displayed  at  the  i)resent  day  on  the  altar  of  a 
woman's  society  called  the  Lalakontfi,  and  in  elaborate  purification 
ceremonies  called  Powamu.  The  presence  of  these  ceremonial  objects 
in  prehistoric  graves,  in  form  almost  identical  with  those  at  present 
used  in  secret  ceremonials,  shows  the  great  antiquity  of  portions  of 
the  Tusayau  ritual  and  opens  a  vista  into  prehistoric  rites  of  these 
Indians. 

Many  graves  had  votive  dippers,  ladles,  or  small  square  clay  boxes, 
with  or  without  handles,  resembling  medicine  bowls,  holding  fragments 
of  green  or  red  stones  or  finely  ground  pigment  of  the  same  colors.  The 
frequency  of  these  paints  indicates  that  the  Sikyatki  priests  attached 
considerable  reverence  to  these  colors,  and  that  red  and  green  played 
the  same  important  part  that  they  do  today  in  ceremonial  and  divina- 
tory  practices. 

The  ancient  Sikyatkians  evidently  deposited  large  stones  on  the 
grave  in  order  to  prevent  animals  from  digging  up  the  body.  The  only 
ax)proach  to  a  gravestone  was  a  stone  slab  of  rectangular  outline,  one 
edge  of  which  had  been  cut  into  a  terrace  form  and  the  face  decorated 
with  a  symbolic  figure  of  a  rain  cloud  drawn  in  black  outline.  This 
stone  can  hardly  be  said  to  designate  the  name  of  the  dead,  but  is  more 
or  less  talismanic.  The  modern  Tusayan  Indians  believe  that  the  dead 
have  certain  occult  powers  over  rain  deities.  "You  have  come  to  be 
a  Rain  God,"  is  the  import  of  their  prayer  to  a  deceased  friend  or 
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relative.  Possibly  a  somewhat  similar  conception  saggested  the  act  of 
depositing  the  stone  slab  with  a  rain-cload  symbol  iu  the  prehistoric 
graves  of  Sikyatki. 

Objects  made  of  clay,  or  pottery,  are  by  all  odds  the  most  artistic 
found  in  the  Sikyatki  cemeteries.    It  seems  almost  inconceivable  that 
these  symmetrical  forms  could  have  been  made  without  knowledge  of 
the  potter's  wheel,  yet  such  is  the  truth.    It  is  not  too  much  to  say  that 
this  collection  contains  objects  more  finely  made  and  elaborately  deco- 
rated than  any  ceramic  work  of  any  aboriginal  tribe  of  North  America, 
and  that  it  will  compare  favorably  with  that  of  the  cultured  stocks  of 
Central  America.    It  is  far  superior  to  modern  pottery  made  in  adja- 
cent pueblos  in  form,  fineness  of  parts,  and  beauty  of  decoration.    It 
is  ornamented  with  an  elaborate  polychrome  symbolic  decoration,  which 
differs  in  character  from  that  of  any  modern  pueblo  near  or  remote. 
It  is  obvious,  I  believe,  that  the  value  of  this  large  and  beautiful  collec- 
tion of  ornamented  pottery  lies  primarily  in  the  study  of  the  symbolic 
decorations.    These  symbols,  rarely  duplicated,  form  a  body  of  paleog- 
raphy which  is  an  important  index  of  ancient  thought  and  feeling. 
Xever  before  has  such  a  great  variety  of  ancient  picture  writing  been 
taken  from  any  one  ruin  of  our  Southwest,  and  as  a  consequence  never 
has  a  larger  amount  of  ancient  pueblo  pictography  been  placed  before 
the  student.    If  it  were  possible  to  interpret  these  pictures  aright,  our 
knowledge  of  ancient  pueblo  conceptions  would  be  vastly  enlarged. 

Articles  included  in  the  designation  "pottery'-  include  rough,  undec- 
orat^d  vessels  made  with  coils  of  clay,  which  are  readily  traced  on  the 
exterior,  and  finely  decorated  sipooth  ware  in  which  the  appearance  of 
the  coils  has  been  obliterated  by  polishing.  The  Sikyatkians  made 
both  kinds,  apparently  in  the  same  w^ay  as  do  their  descendants. 

The  former  kind  includes  cooking  pots,  slipper-shape  food  recepta- 
cles, and  water  jars.  In  most  instances  these  were  blackened  by  use, 
but  the  coarse  clay  and  embedded  grains  of  sand  were  easily  seen. 
The  decorated  pottery,  on  the  other  hand,  was  not  blackened,  ami 
includes  food  basins,  bowls,  jars,  vases,  dippers,  and  other  household 
ware.  These  may  be  classified  according  to  character  or  color  into 
three  groups:  (1)  Black  and  white  pottery,  (2)  yellow  pottery,  and  (3) 
red  ware. 

The  few  specimens  of  black  and  white  pottery  in  the  collection  are 
small  bowls  and  jars,  and  were  not  made  by  Sikyatki  potters,  but  were 
heirlooms  from  ancestors  who  derived  them  from  cliflf-house  people,  of 
whom  this  colored  ware  is  characteristic.  The  red  ware  is  likewise,  I 
believe,  intrusive  in  Sikyatki,  and  not  a  product  of  their  skill,  for  it  is 
characteristic  of  older  rather  than  more  recent  times.  The  style  of 
decoration  of  both  black  and  white  and  red  ware  is  mainly  geometric 
designs,  meanders,  frets,  key  patterns,  and  spirals.  Figures  of  animals, 
plants,  and  human  beings  are  rare  or  unknown.  The  larger  number  of 
articles  of  pottery  from  Sikyatki  are  of  the  fine  yellow  ware^  consisting 
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of  almost  all  kinds  of  household  utensils,  food  basins,  jars,  vases,  medi- 
cine bowls,  ladles,  dippers,  and  cups. 

The  colors  used  in  their  decoration  are  red,  brown,  yellow,  and 
black;  and  while  many  pieces  are  not  decorated,  these  are  exceptional, 
as  the  figures  have  in  several  instances  been  obliterated  by  age  or  wear 
in  household  use  before  burial.  A  method  of  ornamentation  by  spat- 
tering with  pigment  was  popular,  and  details  of  some  of  the  more  elabo- 
rate figures  are  helped  out  by  finely  incised  lines  made  after  painting. 
The  food  basins  were  most  elaborately  decorated  on  their  interiors; 
vases  on  the  exterior.  While  in  this 'respect  cups  were  more  like  the 
former,  dippers  resembled  the  latter,  when  ornamentation  was  employed. 
In  considering  the  ornamental  symbolism  of  the  Sikyatki  pottery, 
much  aid  can  be  had  from  present  belief  of  the  Indians,  and  some  help 
may  be  derived  from  the  character  of  modern  symbolic  decorations. 
Many  symbols  can  be  interpreted  by  these  aids;  more  are  unintelli- 
gible and  the  knowledge  of  the  most  intelligent  of  the  living  priests 
can  shed  only  an  uncertain  light  on  some  of  the  more  elaborate  figures 
employed  in  ornamentation.  The  paleography  of  old  Tusayan  is  yet 
to  be  satisfactorily  deciphered,  and  will  tax  the  closest  attention  of  the 
student. 

For  purposes  of  study,  the  symbolism  of  the  Sikyjitki  pottery  is 
grouped  under  three  headings,  according  to  the  objects  represented. 
I  will  briefly  consider  pictures  from  each  of  these  groups,  which  may 
be  designated  as  follows:  (1)  Figures  of  anthropomorphic  gods  and 
human  beings;  (2)  figures  of  animals  and  plants;  (3)  geometric  designs, 
terraces,  bars,  frets,  and  spirals. 

The  collection  of  bowls  with  figures  of  supernal  and  human  beings 

are  among  the  most  interesting.    The  favorite  organ  of  the  human 

body  to  delineate  Avas  the  hand,  which  is  often  beautifully  drawn  and 

decorated.    As  a  rule,  however,  figures  of  animals  are  better  made  than 

those  of  men,  and  even  more  care  seemed  to  have  been  given,  to  purely 

conventional  patterns  than  to  accurate  delineations  of  objects  by  which 

the  artist  was  surrounded.     Decorations  often  betray  the  antic^uity  of 

modern  customs.    As  is  well  known  the  unmarried  women  of  the  modern 

Tusayan  towns  dress  their  hair  in  two  coils,  one  over  each  ear,  but 

after  marriage  their  coiffure  is  of  a  wholly  different  character.    In  idols 

used  in  secret  ceremonials  the  heads  of  female  personages  are  indicated 

an  the  same  way.    The  figures  on  several  of  the  food  basins  from  Sik. 

^atki  show  that  this  peculiar  method  of  dressing  the  hair  is  a  very  old 

-^ne  among  these  people.     At  the  time  of  Coronado,  in  L')40,  it   was 

:regarded  so  singular  by  the  Spaniards,  thiit  one  of  the  chignons  used 

"by  the  Indians  was  sent  with  other  presents  to  the  King.     We  now 

^now  that  the  fashion  was  older  even  than  this,  for  Sikyatki  was  a  ruin 

before  Coronado's  time,  and  no  one  can  tell  how  long  before  pious  rever 

"^ence  placed  food  basins  with  pictures  of  women  whose  hair  was  dressed 

in  this  fashion   in  Sikyatki  graves.     The  hair  dresser  knows  of  few 
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styles  of  coiffure  older  than  this  which  has  persisted  continuously  for 
over  four  hundred  years. 

Id  the  elaborate  cereuioiiial  system  of  both  Pueblos  and  Navahoes,  the 
rite  of  stick-swallowing  is  introduced,  in  which  a  stick  is  forced  dowu 
the  esophagus.    In  recent  times,  although  sometimes  attempted,  this 
repulsive  performance  has  degenerated  into  a  clever  deception  on  the 
part  of  the  performer.    If  I  am  right  in  my  interpretation  of  the  deco- 
ration of  one  of  the  food  vessels  from  Sikj-atki,  the  habit  is  of  gre^it 
antiquity,  for  we  have  a  figure  represented  on  it  of  a  person  engaged  in 
this  revolting. act,  thus  verifying  a  widely  spread  tnidition  that  in  old 
times  the  rite  was  practiced  as  a  part  of  the  Tusayan  ritual.     It  is  no 
longer  performed  at  Walpi,  but  is  reported  from  Zuni  and  elsewhere. 

One  of  the  most  important  of  all  Tusayan  mythic  characters  is  a 
heroic  personage  called  the  Little  War  God.  He  was  a  cultus  hero, 
and  in  early  days  is  reputed  to  have  freed  the  world  of  monsters  which 
afflicted  earth  and  sky.  This  heroic  demigod  is  personated  today,  and 
his  image  occupies  a  convenient  niche  in  many  households.  His  con- 
stant emblem  are  two  parallel  lines  of  pigment  drawn  across  the  cheeks 
or  breast,  arms  or  legs. 

This  cultus  hero  is  of  no  mean  antiquity,  but  is  as  old  as  the  time 
when  Sikyatki  was  in  its  prime,  for  a  picture  of  him  shooting  an 
unknown  animal  is  drawn  on  a  fragment  of  a  food  bowl.  As  in  modern 
pictures,  he  bears  on  his  face  the  two  parallel  marks  which  custom  has 
prescribed  must  be  worn  by  the  God  of  War  today.  Students  of  the 
development  of  the  arrow  may  find  in  this  figure  an  indication  of 
the  kind  of  arrow  the  preliistorio  warrior  of  Sikyatki  used,  viz,  a  long 
shaft  with  a  short  articulation  to  which  the  j)oint  is  attached,  as  with 
certain  other  American  tribes. 

The  ancient  ceramic  picture  writing  of  Sikyatki  gives,  in  many 
instances,  something  more  than  the  bare  symbolism  of  the  mytholog- 
ical personage  depicted.  Of  such  a  nature  is  a  large  fragment  of  a  food 
basin  from  the  graves  of  that  ancient  village,  which  is  adorned  with  a 
representation  of  the  Tusayan  Harpy,  Kwataka. 

In  existing  folklore  Kwataka  or  the  Man  Eagle  was  a  bird-like  mon- 
ster, akin  to  the  Thunderbird  of  other  tribes  of  America,  who  afflicted 
the  ancient  i>eople  by  carrying  off'  their  wives  and  devouring  their 
children.  His  home  was  in  the  sky,  and  he  is  sjiid  to  wear  a  gcu^meut 
covered  with  flint  arrowheads. 

The  fragment  in  question  represents  the  Man  Eagle  about  to  devour 
a  problematical  being.  He  is  represented  with  the  wings  of  a  bird; 
his  claws  are  eagle  talons;  his  eye  has  the  cross,  symbol  of  the  heart  of 
the  sky,  or  the  star.  But  most  interesting  of  all,  he  wears  the  flint- 
covered  armor  represented  by  four  lozenge-shape  figures  which  recall 
the  Kahuatl  symbol  of  the  flint  arrowpoint,  techpatl. 

As  is  known  through  Dr.  Matthews'  studies,  the  Navahoes  likewise 
have  a  mythological  being  of  similar  import  to  that  of  the  Hopi.    By 
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the  discovery  of  this  picture  at  Sikyatki,  four  centuries  or  luore  old,  we 
are  prepared  to  ask  our  Kavaho  students  whether  they  can  show  an 
equal  antiquity  of  this  conception  among  the  people  they  study,  and 
to  suggest  the  inquiry  whether  the  Navahoes  derived  their  idea  from 
the  Pueblos. 

It  is  not  without  some  deep-seated  meaning  that  of  all  organs  of  the 
body,  the  Tusayan  people  of  the  ancient  settlement  at  Sikyatki  chose 
the  human  hand  for  decorative  purposes.  We  know  that  oriental  people 
do  the  same,  and  I  have  seen  old  Tusayan  ware  decorated  with  a  human 
hand,  but  never  such  beautiful  representations  as  that  which  occurs  on 
the  food  vessels  from  Sikyatki.  A  figure  of  one  of  the  best  of  these 
will  serve  to  show  the  care  with  which  this  member  was  used  for  decora- 
tive purposes,  but  I  must  confess  my  inability  to  decipher  the  strange 
appendage  which  it  shares  with  other  decorative  elements  of  very  dif- 
ferent character. 

Maminalian  animals  are  sparingly  used  as  decorative  forms,  but 
among  others  may  be  mentioned  the  antelope,  mountain  lion,  mountain 
sheep,  and  rabbit.  Especially  instructive  is  the  figure  of  a  puma  drawn 
on  the  middle  of  the  inside  of  a  food  vessel.  The  figure  of  a  mountain 
sheep  is  one  of  the  best  in  the  collection.  There  seems  hardly  a  doubt 
that  these  animal  forms  refer  to  mythic  conceptions  which  are  paralleled 
in  the  beliefs  of  the  inhabited  pueblos  today. 

Serpents  and  bizarre  reptilians  figure  conspicuously  in  decorative 
animal  pictography  from  Sikyatki,  and  betray  in  one  or  two  instances 
the  antiquity  of  a  cult  which  is  strong  at  Walpi  today.  Prominent 
among  these  is  the  great  Plumed-head  Serpent,  the  effigies  and  cere- 
monials x)ertaining  to  which  at  Walpi  I  have  elsewhere  described 
in  detail.  The  serpent  depicted  on  one  of  the  food  vessels  is  so  close  in 
its  symbolism  to  this  mythic  being  of  Tusayan  folklore  that  it  is  prob- 
able ophiolatry  of  a  kindred  sort  was  practiced  in  the  ancient  pueblo 
of  Sikyatki  where  it  was  found. 

One  of  the  most  bizarre  figures  of  reptiles  in  Sikyatkiau  ceramic 
paleography  adorns  the  inside  of  a  reddish-colored  food  basin  of  rather 
coarse  construction.  This  figure  reminds  one  of  the  horned  toad,  but 
mythic  rather  than  realistic  elements  preponderate  in  its  delineation. 
The  most  striking  anatomical  feature  is  without  doubt  the  serrated  dor- 
sal fin,  but  like  the  Plumed  Serpent  it  bears  on  the  head  horns  and 
feather  appendages.  There  are  two  or  more  mythological  reptilian 
personages  recognized  in  the  modern  Tusayan  olympus  to  which  this 
picture  may  be  referred,  and  it  is  not  unlike  the  mythic  lizard,  who 
guards  the  traditional  entrance  to  the  under  world,  called  the  sipapfl. 

A  fragment  of  pottery  from  Awatobi  was  found  to  have  a  head  iden- 
tical with  that  of  this  lizard  from  Sikyatki,  showing  that  the  cult  was 
recognized  in  this  neighboring  village. 

Of  problematical  reptilian  forms,  none  are  more  conventional  and 
highly  symbolic  than  the  decoration  of  another  food  basin.     Here  we 
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have  tlie  plumed  head,  the  curved  claws,  the  elongated  snout,  and  the 
lizard-like  body.  I  am  ignorant  of  the  proper  identification  of  this 
animal,  which  perhaps  is  pardonable,  for  the  best  informed  of  living 
priests,  whom  I  consulted,  were  also  at  a  loss  to  explain  the  meaning 
of  this  highly  conventionalized  figure. 

The  tadpole  and  frog  are  constant  decorative  elements  in  Sikyatki 
picture  writing  as  on  modern  ceremonial  vessels,  and  no  doubt  had  the 
same  purport — the  hastening  of  copious  rains  sorely  needed  in  that  arid 
land. 

When  we  remember  how  large  a  part  the  bird  and  feathers  play  in 
modern  symbolism,  and  how  extensively  they  i^ermeate  the  Tusayan 
ritual,  it  is  not  strange  that  by  far  the  most  widespread  motif  in  Siky- 
atki ceramic  decoration  ir  referable  to  this  element.  The  feather  in 
many  forms,  mostly  conventionalized,  is  represented  again  and  agaiu 
on  basins,  vases,  and  jars,  and  the  bird  is  one  of  the  most  constant  ani- 
mals depicted  in  decorations. 

The  number  of  mythic  birds  with  which  the  modern  Tusayan  mythol- 
ogy is  crowded  suggests  caution  in  ascribing  avian  figures,  of  which 
there  are  many  on  Sikyatki  pottery,  to  any  one  in  preference  to  another 
of  these  supernaturals.  We  may  rightly  identify  the  pictures  of  sev- 
eral food  basins  as  prehistoric  representations  of  the  High  Sky  Eagle, 
the  dreaded  Harpy,  Kwataka.  Two  forms  of  feathers  are  recognized 
in  decoration  which  have  been  determined  from  their  position  on  the 
corresponding  regions  of  these  mythic  birds.  These  are  the  tail  feather 
and  the  breast  feather,  both  of  which  are  prescriptive  in  modern 
ceremonials. 

It  is  customary  at  the  present  day  for  the  priests  in  the  performance 
of  mysteries  of  their  cults  to  use  water  from  sacred  springs  for  asperg 
ing  and  other  purposes.  This  venerated  liquid  is  brought  to  the  sacred 
rooms  with  ceremonials,  and  is  transported  and  kept  in  small  jars 
during  the  rites.  The  custodians  of  this  water  tie  a  cotton  string 
around  the  neck  of  these  vessels,  and  to  this  encircling  string  attach 
others  with  appended  feathers  as  prayer  offerings.  A  similar  custom 
with  modification  was  current  at  Sikyatki,  except  that  instead  of  tying 
the  strings  to  the  sacred  jars,  the  feather  was  used  as  a  decorative  ele- 
ment, and  carefuUy  painted  on  the  side  of  the  vase  or  jar. 

The  use  of  the  dragon  fly  and  moth  or  butterfly  symbols  has  come 
down  to  the  modern  priests  from  a  remote  antiquity,  and  no  doubt  at 
Sikyatki,  as  at  Walpi  today,  the  former  was  an  emblem  of  moisture: 
the  latter  of  fecundity.  One  of  the  most  regularly  formed  and  beauti 
fully  decorated  of  these  ancient  vases  is  adorned  wiih  six  figures  oi 
moths,  and  it  is  interesting  that  during  all  the  lapse  of  time  since  a 
clever  Sikyatki  woman  painted  it,  the  same  signs  of  male  and  female 
have  survived.  A  well-drawn  figure  of  a  butterfly  appears  on  the 
interior  of  several  food  basins,  and  it  is  instructive  to  notice  with  what 
care  the  antenna3  were  depicted. 


Soiithasnlan  Riport  I8». 


Upper  Surface  of  Vase  with  Bird  Decoratioms. 
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The  ancient  artists  of  Sikyatki  recognized  the  flower  as  a  decorative 
element,  but  strangely  enough,  overlooked  the  leaf,  which  later  came, 
through  foreign  influence,  to  play  such  an  important  part  in  ornamental 
possibilities.  I  And  no  instance  in  all  decorations  of  the  adaptation 
of  leaves  to  the  adornment  of  ceramic  productions  by  the  Tusayan 
ancients. 

Of  strange  conceptions,  none  are  more  foreign  to  Aryan  habits  of 
thought  than  that  of  a  feathered  rainbow,  but  such  a  tenacious  hold  had 
this  on  the  ancient  potters  of  Sikyatki  that  they  reproduced  it  in  figures 
in  many  of  their  pictures. 

Geometrical  figures  form  by  far  the  majority  of  decorative  elements 
of  the  ancient  i)ottery  of  Sikyatki.  We  have  the  key  and  terrace  pat- 
terns, spirals,  frets,  and  scrolls.  In  their  artistic  productions,  all  the 
elements  of  crosshatchiug,  rectangular  figures,  stars,  and  circles,  were 
made  to  contribute  to  the  ornamentation  of  their  ceramics.  Many  of 
these  passed  into  conventional  symbols,  many  were  purely  decorative, 
but  all  testify  the  degree  of  artistic  feeling  which  the  ancient  potters 
of  this  town  possessed.  As  works  of  esthetic  feeling  no  less  than 
objects  of  scientific  interest,  the  revelations  of  the  Sikyatki  cemeteries 
are  of  greatest  importance  in  the  history  of  the  evolution  of  geometrical 
ornament. 

Many  of  the  encircling  bands  decorating  vases  and  food  basins  are 
broken  at  one  point  in  their  course.  This  break,  ordinarily  called  the 
line  of  life,  is  found  in  ancient  pottery  from  the  mounds  of  the  Gila  and 
Salt  rivers  in  southern  Arizona,  and  is  common  in  old  Cibolan  ware. 
Its  meaning  is  symbolic,  and  probably  the  same  as  in  modern  ware  as 
I)ointed  out  by  others. 

Many  of  the  food  basins  and  some  vases  have  parallel  bars  drawn  at 
intervals  exteriorly  on  the  rims  or  lips.  These  lines,  two  or  three  in 
number,  are  sometimes  so  arranged  as  to  form  the  letter  H  and  recall 
similar  lines,  four  in  number,  made  with  sacred  meal  on  the  fuor  walls 
of  a  room  during  certain  secret  rites.  This  mode  of  decoration  was 
likewise  a  widespread  one  in  ancient  pueblo  pottery,  and  is  at  times 
followed  by  modern  potters. 

Of  encircling  lines,  none  are  more  problematical,  from  the  point  of 
view  of  interpretation,  than  those  with  bars  or  dots  at  intervals,  so 
common  on  the  exterior  of  many  food  basins.  While  distinctly  con- 
ventional, these  decorative  elements  have  a  deeper  symbolic  meaning, 
which  would  require  many  pages  to  elaborate. 

The  character  and  decoration  of  pottery  from  the  two  ruins,  Awatobi 
and  Sikyatki,  are  very  close  to  each  other,  and  markedly  different  from 
modern  ware  still  manufactured  at  Hano  and  Walpi,  only  3  miles  dis- 
tant from  the  latter  ruin.  These  characteristics  of  resemblance  are 
common  features  of  all  ancient  Tusayan  ceramics.  In  other  words, 
modem  pottery  has  greatly  deteriorated,  old  decorative  motifs  have 
passed  oat  of  use,  and,  what  is  more  signiflcant,  new  symbolic  decorative 
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elements  liavo  replaced  the  ancient.  The  answer  to  the  qnestion, 
whence  came  these  innovations,  is  oatside  the  limits  of  this  rei)ort. 
The  similarities  of  the  ancient  pottery  foand  in  Tusayan  ruins  far  dis- 
tant from  each  other  implies  a  homogeneity  in  the  people  of  Tasayan 
which  was  indicative  of  closer  kinship.  Since  the  overthrow  of  Sik- 
yatki  and  Awatobi,  the  consanguinity  of  the  pueblos  has  been  changed 
by  assimilation  of  foreign  blood  from  other  pueblos  of  Arizona  and 
New  Mexico,  as  we  know  also  from  documentary  and  legendary  history. 
Groups  of  peoples  from  the  Rio  Grande  pueblos  have  fled  to  Tusayan, 
bringing  their  pottery  with  them,  thus  introducing  other  decorative 
motifs  as  well  as  novel  rituals  and  mythologies.  It  has  thus  resulted 
that  the  ornamentation  now  used  by  the  Tusayan  potters  is  radically 
different  from  that  of  the  ancients. 
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EACE  AND  CIVILIZATION.^ 


By  Prof.  W.  M.  Fundebs  Petelk,  D.  C.  L.,  LL.  D. 


In  a  subject  as  yet  so  unmapped  as  anthropology  there  is  more  room 
or  considering  different  points  of  view  than  in  a  thoroughly  organized 
md  limited  science.  The  future  structure  of  this  science  depends 
argely  on  the  apprehension  of  many  different  modes  of  treating  it. 
Che  time  has  not  yet  come  when  it  can  be  handled  as  a  whole,  and 
herefore  at  present  we  may  frankly  consider  various  questions  from  an 
adividual  standpoint,  without  in  the  least  implying  that  other  considera- 
ious  should  be  taken  into  account.  It  is  only  by  the  free  statement, 
lowever  one-sided,  of  the  various  separate  views  of  the  many  subjects 
iivolved  in  such  a  science  that  any  comprehensive  scheme  of  its 
Tganization  can  ever  be  built  up.  In  remarking,  therefore,  on  some 
tranches  at  xjresent  I  shall  not  attempt  a  judicial  imx)ersona]ity,  but 
ather  try  to  express  some  views  which  have  not  yet  been  brought  into 
•rdinary  currency. 

Elaborate  definitions  of  anthropology  have  been  formulated,  but  such 
tre  only  too  liable  to  require  constant  revision  as  fresh  fields  of  research 
tre  added  to  the  domain.  In  any  new  country  it  is  far  safer  to  define 
ts  limits  than  to  describe  all  that  it  includes,  and  all  that  can  yet  be 
lone  in  anthropology  is  to  lay  down  the  "sphere  of  influence,"  and 
laving  secured  the  boundaries,  then  develop  the  resources  at  leisure, 
die  principle  bordering  subjects  are  zoology,  metaphysics,  economics, 
iterature,  and  history.  So  far  as  these  refer  to  other  species,  as  well 
ls  to  man,  or  to  individuals  rather  than  to  the  whole  race,  they  stand 
>part  as  subjects;  but  their  relation  to  the  human  species  as  such  is 
ssentiaJly  a  part  of  anthropology.  We  must  be  prepared,  therefore,  to 
ake  anthropology  more  as  a  study  of  man  in  relation  to  various  and 
i'ten  independent  subjects  than  as  an  organic  and  self-contained 
cience.  Human  nature  is  greater  than  all  formulae;  and  we  may  as 
f>on  hope  to  compact  its  study  into  a  logical  structure,  as  to  construct 
11  algebraical  equation  for  predicting  its  course  of  thought. 


'Address  by  Prof.  VV.  M.  Flinders  Petrie,  D.  C.  L.,  LL.  D.,  president  of  the  Hection 
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half  dozen  elements  of  growth,  and  the  breadth  and  height,  ea 
resultant  of  at  least  three  elements.  Two  skulls  may  differ  alto 
ill  their  proportions  and  forms,  and  yet  yield  identical  measi 
length,  breadth,  and  height.  How  ean  any  but  empirical  resi 
evolved  from  such  a  system  of  measurement  alone  t 

A  departure  from  this  mechanical  method  has  appeared  in  It* 
year  by  I'rofessor  Scrgi.  He  proposes  to  classify  skulls  by  their  fi 
ellipsoid,  pen  tagouoid,  rhomboid, ovoid, etc.  This,  at  least,  takes  a 
for  the  obvious  difi'erencea  which  the  numerous  measurements 
ignore;  and  if  skulls  were  crystals,  divisible  into  homogeneous  c 
such  a  system  would  work,  only,  like  all  organic  objects,  they  v 
infinite  gradation. 

What,  then,  lies  behind  this  variety  of  forml  The  variety  of 
in  the  separate  elements  of  growth.  Sergi's  ellipsoid  type  uieaiii 
curvatures,  with  jileiity  of  fi-ontal  growth.  His  iientagonoid 
shariHT  curvatures.  His  rhoiiiboi<l  meaus  sharp  curvatures,  witl 
fhtntal  growth.  And  so  In  each  class  we  have  not  to  deal  with 
metrical  figure,  but  with  varying  curvatures  of  the  center  o 
pljito  of  the  skull  and  varying  extent  of  growth  from  the  center 

The  organic  definition  of  a  skull  must  di^pend  ou  the  stateii 
the  energy  and  dirpctiou  of  eaoh  of  the  separate  elements  out  of 
it  is  built.  The  protuberances  or  eminences  are  the  first  point  to 
Thoy  record  in  their  curves  the  si/e  of  the  bead  when  it  attained 
ity  in  the  centers  of  growth.  Every  person  bears  the  fixed  oul 
parts  of  bis  iufaiit  skull.  Little,  if  any,  modification  is  made 
sharpness  of  the  curves  between  infancy  and  full  growth;  perhi 
only  change  is  made  in  course  of  the  thiekeuiug  of  the  skull, 
the  inasimum  radius  of  curvature  of  each  plate  of  the  skull  is 
radical  measurement,  as  imnlvintr  earlv  or  late  final  ossificHtir 
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irietals  grow  eouical  and  not  spherically  curved,  aud  hence  meet  at 
[  angle. 

It  seems,  therefore,  that  looking  at  the  question  as  a  physical  prob- 
m,  we  are  far  more  likely  to  detect  racial  peculiarities  in  the  separate 
ita  of  the  period  of  fixation  of  the  skull,  and  of  the  amount  of  growth 

different  directions,  tlian  by  any  treatment  of  gross  quantities  which 
•e  compounded  out  of  a  number  of  variables.  The  practical  develop- 
ent  of  such  a  view  is  the  work  of  the  ^mbryologist;  here  we  only 
>tice  a  principle  of  treatment  of  a  most  complex  question,  which 
iems  to  have  too  often  been  dealt  with  as  if  it  were  as  simple  as  the 
efinition  of  a  crystal. 

When  we  next  turn  to  look  at  the  works  of  man,  it  seems  that  the 
rtistic  side  of  anthropology  has  hardly  been  enough  appreciated.  In 
le  first  place,  the  theory  of  art  has  been  grounded  more  assuredly  by 
athroi)ological  research  than  by  all  the  speculations  that  have  been 
mn.  The  ever-recurring  question,  '^  What  is  art?"  whether  in  form  or 
I  literature,  has  been  answered  clearly  and  decidedly.  When  we  con- 
ast  a  row  of  uninteresting  individualities  with  the  ideal  beauty  and 
qpression  of  a  composite  portrait  compounded  from  these  very  ele- 
lents,  we  are  on  the  surest  ground  for  knowing  how  such  a  beautiful 
!sult  is  obtained.  In  place  of  the  photographic  verity  of  the  person, 
e  have  the  artistic  expression  of  a  character.  Whatever  is  essential 
(mains,  and  is  strengthened;  whatever  is  transient  and  unimportant 
as  faded  away.  Ko  one  can  look,  for  instance,  at  the  composite  heads 
r  Jewish  boys  and  their  individual  components,  published  some  years 
JO  in  the  Anthroi)ological  Journal,  without  feeling  the  artistic  beauty  of 
le  comijosite  and  the  unbalanced  characters  of  the  individuals.  What 
le  camera  does  mechanically  by  mere  superposition,  the  artist  does 
itelligently  by  selection.  The  unimportant,  unmeaning  phases  of  the 
arson,  the  vacuities  of  expression,  the  less  worthy  turns  of  the  mind 
re  eliminated,  whether  in  form  or  in  words,  and  the  essence  of  the 
baracter  is  brought  out  and  expressed.  Such  is  the  theory  of  artistic 
xpressiou  which  anthropology  has  established  on  a  sure  basis  of  exper- 
nent,  and  which  is  thus  proved  to  be  neither  fanciful  nor  arbitrary, 
>ut  to  be  a  truly  scientific  process. 

And  as  anthropology  has  thus  aided  art,  the  converse  is  also  true — 
irt  is  one  of  the  most  important  records  of  a  race.  Each  group  of 
mankind  has  its  own  style  and  favorite  manner,  more  particularly  in 
the  decorative  arts.  A  stray  fragment  of  carving  without  date  or 
locality  can  be  surely  fixed  in  its  place  if  there  is  any  sufficient  knowl- 
edge of  the  art  from  which  it  springs.  This  study  of  the  art  of  a  peo- 
jle  is  one  of  the  highest  branches  of  anthropology  and  one  of  the  most 
mportant,  owing  to  its  persistent  connection  with  each  race.  No 
Physical  characteristics  have  been  more  i)ersistent  than  the  style  of 
lecoration.  When  we  see  on  the  Celtic  work  of  the  period  of  La  Tene, 
r  on  Irish  carvings,  the  same  forms  as  on  mediaeval  ironwork,  and  on 
SM— 95 38 
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from  anarchy.  Aud  if  this  is  the  case  when  the  externals  of  govern- 
ment alone  are  altered,  how  much  more  is  it  the  case  if  we  attempt  to 
uproot  the  whole  of  a  civilization  and  social  life!  We  ma^'  despotically 
force  a  bald  and  senseless  imitation  of  our  way  on  another  people,  hat 
we  shall  only  destroy  their  life  without  implanting  any  vitality  in  its 
place.  N6  change  is  legitimate  or  beneficial  to  the  real  character  of  a 
'  i)eople  except  what  flows  from  conviction  and  the  natural  growth  of 
the  mind.  And  if  the  imposition  of  a  foreign  system  is  injurious,  how 
miserable  is  the  forcing  of  a  system  such  as  ours,  which  is  the  most 
complex,  unnatural,  and  artificial  that  has  been  known — a  system 
developed  in  a  cold  country,  amid  one  of  the  hardest,  least  sympathetic, 
and  most  self-denying  and  calculating  of  all  peoples  of  the  world.  Sach 
a  system,  the  product  of  such  extreme  conditions,  we  attempt  to  force 
on  the  least  developed  races,  and  expect  from  them  an  implicit  subservi- 
ence to  our  illogical  law  aud  our  inconsistent  morality.  The  result  is 
death;  we  make  a  deadhouse  aud  call  it  civilization.  Scarcely  a  single 
race  can  bear  the  contact  and  the  burden.  And  then  we  talk  compla- 
cently about  the  mysterious  decay  of  savages  before  white  men. 

Yet  some  people  believe  that  a  handful  of  men  who  have  been  muti- 
lated into  conformity  with  civilized  ideas  are  better  worth  having  than 
a  race  of  sturdy,  independent  beings.  Let  us  hear  what  becomes  of 
the  unhappy  products  of  our  notions.  On  the  Andaman  Islands  sin 
orphanage,  or  training  school,  was  started  and  more  than  forty  children 
were  recLaimed  from  savagery,  or  torn  from  a  healthy  and  vigorous  life. 
These  were  the  results:  ''Of  all  the  girls  two  only  have  continued  in 
the  settlement,  the  other  survivors  haviug  long  since  resumed  the  cus- 
toms of  their  jungle  homes.  -  -  -  Physically  speaking,  training  has 
a  deteriorating  efl'ect,  for  of  all  the  children  who  have  passed  through 
the  orphanage  probably  not  more  than  ten  are  alive  at  the  present  time^ 
while  of  those  that  have  been  married  two  or  three  only  have  become 
parents,  and  of  their  children  not  one  has  been  reared."*  Such  is  the 
result  of  our  attempts  on  a  race  of  low  but  perfect  civilization,  whom 
we  eradicate  in  trying  to  improve  them. 

Let  us  now  turn  to  our  attempts  on  a  higher  race,  the  degenerated  aud 
Arabized  descendants  of  a  great  people — the  Egyptians.  Here  there 
is  much  ability  to  work  on,  and  also  a  good  standard  of  comfort  and 
morality,  conformable  to  our  notions.  Yet  the  planting  of  another 
civilization  is  scarcely  to  be  borne  by  them.  The  Europeanized  Eg>'p 
tian  is  in  most  cases  the  mere  blotting  paper  of  civilization,  absorbing 
what  is  most  superficial  and  undesirable.  The  overlaying  of  a  French 
or  English  layer  on  a  native  mind  produces  only  a  hybrid  intellect, 
from  which  no  natural  growth  or  fertility  can  be  exx>ected.  Far  the 
more  promising  intellects  are  those  trained  by  intelligent  native  teachers, 
where  as  much  as  can  be  safely  assimilated  has  grown  naturally  as  * 
development  of  the  native  mind. 

Yet  some  will  say,  why  not  i)lant  all  we  can  t    What  can  l>e  the  barm 
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of  raising  the  intellect  in  some  cases  if  we  can  not  do  it  in  all!  The 
barm  is  that  you  manufacture  idiots.  Some  of  the  peasantry  are  taught 
to  read  and  write,  and  the  result  of  this  burden  which  their  fathers 
bore  not  is  that  they  become  fools.  I  can  not  say  this  too  plainly;  an 
Egyptian  who  has  had  reading  and  writing  thrust  on  him  is,  in  every 
case  that  I  have  met  with,  half-witted,  silly,  or  incapable  of  taking  care 
of  himself.  His  intellect  and  his  health  have  been  undermined  and 
crippled  by  the  forcing  of  education.  With  the  Copt  this  is  quite 
different;  fathers  have  been  scribes  for  thousands  of  years,  and  his 
capacity  is  far  greater,  so  that  he  can  receive  much  more  without  dete- 
rioration. Observation  of  these  people  leads  to  the  view  that  the  aver- 
age man  can  not  receive  much  more  knowledge  than  his  immediate 
ancestors.  Perhaps  a  quarter  or  a  tenth  more  of  ideas  can  be  safely 
put  into  each  generation  without  deterioration  of  mind  or  body;  but,  at 
the  best,  growth  of  the  mind  can  in  the  average  man  be  but  by  fractional 
increments  in  each  generation,  and  any  large  increase  will  surely  be 
deleterious  to  the  average  mind,  always  remembering  that  there  are 
exceptions  both  higher  and  lower.  Such  a  result  is  only  what  is  to  be 
exi)ected  when  we  consider  that  the  brain  is  the  part  of  man  which 
develops  and  changes  as  races  reach  a  higher  level,  while  the  body 
remains  practically  constant  through  ages.  To  expect  the  brain  to 
make  sudden  changes  of  ability  would  be  as  reasonable  as  to  expect  a 
cart  horse  to  breed  racers,  or  a  greyhound  to  tend  sheep.  Man  mainly 
develops  by  internal  differences  in  his  brain  structures,  as  other  ani- 
mals develop  by  external  differences  in  bones  and  muscles. 

What,  then,  it  may  be  asked,  can  be  done  to  elevate  other  races? 
How  can  we  benefit  them  f  Most  certainly  not  by  Europeanizing  them. 
By  real  education,  leading  out  the  mind  to  a  natural  and  solid  growth, 
much  can  be  done;  but  not  by  enforcing  a  mass  of  accomplishments 
and  artificialities  of  life.  The  general  impression  in  England  is  that 
reading,  writing,  and  arithmetic  are  the  elements  of  education.  They 
might  be  so  to  us  ^'in  the  foremost  files  of  time,"  but  they  assuredly  are 
not  so  to  other  races.  The  complex  ideas  of  connecting  forms  and 
sounds  is  far  too  great  a  stej)  for  many  brains,  and  when  we  succeed, 
to  our  delight,  in  turning  out  finished  readers.  Nature  comes  in  with  the 
stern  reply,  "Of  their  children  not  one  has  been  reared."  Our  bigoted 
belief  in  reading  and  writing  is  not  in  the  least  justified  when  we  look 
at  the  mass  of  mankind.  The  exquisite  art  and  noble  architecture  of 
Mykenai,  the  undying  song  of  Homer,  the  extensive  trade  of  the 
Bron:  e  Age,  all  belonged  to  people  who  never  read  or  wrote.  At  this 
day  some  of  my  best  friends,  in  Egypt,  are  happily  ignorant  of  such 
accomplishments,  and  assuredly  I  never  encourage  them  to  any  such 
useless  waste  of  their  brains.  The  great  essentials  of  a  valuable  char- 
acter— moderation,  justice,  sympathy,  politeness  and  consideration, 
quick  observation,  shrewdness,  ability  to  plan  and  prearrange,  a  keen 
sense  of  the  uses  and  properties  of  things — all  these  are  the  qualities 
on  which  I  value  my  Egyptian  friends,  and  such  qualities  are  what 
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should  be  evolved  by  any  education  worth  the  name.  No  brain,  how 
ever  humble,  will  be  the  worse  for  such  education  which  is  hourly  in 
use;  while  in  the  practical  life  of  a  simple  community  the  accomplish- 
ments of  reading  and  writing  are  not  needed  for  perhaps  a  week  or  a 
month  at  a  time.  The  keenest  interest  is  taken  by  some  races,  and 
probably  by  all,  in  geography,  modes  of  government,  and  social  sys- 
tems;  and  in  most  countries  elements  of  hygiene  and  improvement^)  in 
the  dwellings  and  arts  of  life  may  be  taught  with  the  best  results. 
There  is,  therefore,  a  very  wide  field  for  the  educ^ation  of  even  the 
lowest  races,  without  throwing  any  great  strain  on  the  mental  powers. 
And  it  must  always  be  remembered  that  memory  is  far  more  perfect 
where  a  less  burden  of  learning  is  thrown  on  the  mind,  and  ideas  and 
facts  can  be  remembered  and  brought  into  use  more  readily  by  minds 
unstrained  by  artificial  instruction. 

The  greatest  educational  influence,  however,  is  example.  This  is 
obvious  when  we  see  how  rapidly  the  curses  of  our  civilization  spread 
among  those  unhappily  subjected  to  it.  The  contact  of  Europeans  with 
lower  races  is  almost  always  a  detriment,  and  it  is  the  severest  refiec 
tion  on  ourselves  that  such  should  be  the  case.  It  is  a  subject  which 
has  given  much  room  for  thought  in  my  own  dealings  with  the  Egy|>- 
tian  peasant  to  consider  how  this  deleterious  effect  is  produced  and 
how  it  is  to  be  avoided.  Firstly,  it  is  due  to  carelessness  in  leaving 
temptations  open  to  natives,  which  may  be  no  temptations  to  ourselves. 
To  be  careless  about  sixpences  is  as  demoralizing  to  them  as  a  man  who 
tossed  sovereigns  about  the  street  would  be  to  us.  Examples  of  care 
lessness  in  this  point  are  among  the  worst  of  influences.  Another 
injury  is  the  inducement  to  natives  to  imitate  the  ways  and  custom  of 
Europeans  without  reason.  Every  imitation,  as  mere  imitation,  is  a 
direct  injury  to  character;  it  teaches  a  man  to  trust  to  some  one  else 
instead  of  thinking  for  himself;  it  induces  a  belief  in  externals  consti- 
tuting our  superiority,  while  foresight  and  self-restraint  are  the  real 
roots  of  it;  and  it  destroys  all  chance  of  any  real  and  solid  growth  t)f 
character  which  can  flourish  independently.  A  native  should  always 
be  discouraged  from  any  imitation,  unless  he  attempts  it  as  an  intelli- 
gent improvement  on  his  own  habits.  Another  sadly  common  evil  is 
the  abuse  of  power,  which  lowers  the  sense  of  self-respect,  of  honor,  and 
of  honesty  which  can  be  found  in  most  races.  If  a  man  or  a  govern- 
ment defrauds,  it  is  but  natural  to  the  sufferer  to  try  to  recomi>ense 
himself  by  any  means  available;  and  thus  an  interminable  system  of 
reprisals  is  set  up.  Such  is  the  chronic  state  of  the  East  at  present 
among  the  more  civilized  races.  The  Egyptians  are  notorious  for  their 
avarice,  and  are  usually  credited  with  being  inveterate  money  grabl>ers; 
yet  no  sooner  do  they  find  that  this  system  of  reprisals  is  abandoned 
and  strict  justice  maintained,  than  they  at  once  respond  to  it;  and  I 
may  say  that  when  confidence  has  once  been  gained  it  is  almost  as  com- 
mon to  find  a  man  dispute  an  account  against  his  own  interest  as  for 
himself,  and  scarcely  ever  is  any  attempt  made  at  false  statements  or 
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impositions.     Such  is  the  healthy  response  to  straightforward  dealing 
with  them. 

It  is  therefore  in  encouraging  a  healthy  growth  of  all  that  is  worthy 
and  good  in  the  existing  systems  of  lower  civilization,  in  repressing  all 
mere  imitations  and  senseless  copying,  and  in  proceeding  on  a  rigor- 
ously just  yet  genial  course  of  conduct,  that  the  safe  and  true  line  lies 
for  intercourse  with  inferior  or  different  civilizations. 

And,  lastly,  the  question  comes  home  to  us.  In  what  way  is  this 
practical  anthropology  to  be  fostered  ?  It  is  so  essentially  important 
to  us  as  a  race  that  we  should  take  good  care  that  it  is  understood. 
Whether  it  be  a  question  of  interference  with  tlie  customs  of  higher 
races,  as  the  Hindu,  or  of  lower  savages,  as  the  Australian,  momentous 
questions  may  often  depend  on  public  opinion  among  a  mass  of  people 
in  ilngland  who  have  no  conception  at  present  of  the  race  with  whom 
they  are  dealing.  And  still  more  needful  is  it  for  those  who  take  part 
abroad  in  the  government  of  other  races  to  have  a  wide  view  of  the 
character  of  various  civilizations.  Until  the  present  generation,  there 
have  been  two  great  educative  influences  on  the  view  of  life  taken  by 
Englishmen — the  Old  Testament  and  the  classics.  So  long  as  a  boy 
had  his  ideas  formed  in  contact  with  Oriental  polygamy  and  Greek 
polytheism,  he  was  not  in  danger  of  undue  narrowness  in  dealing  with 
the  Muslim  or  the  Hindu;  but  with  the  pressure  of  modern  require- 
ments both  of  these  excellent  views  of  other  civilizations  are  being 
crowded  out,  and  we  meet  men  now  to  whom  the  world's  history  began 
w^hen  they  were  born.  There  is  great  danger  in  such  ignorance.  All 
the  x)aiwfnl  and  laborious  experiments  in  social  and  political  problems 
during  past  ages  are  ignored,  rash  trials  are  made  on  lines  which  have 
been  rei)eatedly  proved  to  be  impossible,  and  the  real  advance  in  any 
direction  is  thwarted  by  useless  repetitions  of  the  well-known  failures 
of  the  past. 

It  is  the  business  of  anthropology  to  step  in  and  make  a  knowledge 
of  other  civilizations  a  part  of  all  decent  education.  In  this  direction 
our  science  has  a  most  important  fleld  before  it,  at  least  as  valuable  as 
geography  and  history,  and  far  more  practical  in  developing  ideas  than 
many  of  the  smatterings  now  taught.  To  present  a  view  of  another 
civilization,  we  require  to  give  an  insight  into  the  way  of  looking  at 
the  world,  the  modes  of  thought,  the  aims  of  life,  the  checks  and  counter- 
checks on  the  weaknesses  of  man,  and  the  construction  of  society  and 
of  government  in  each  case.  The  origin  and  utility  of  the  various  cus- 
toms and  habits  need  to  be  pointed  out,  and  in  what  way  they  are  rea- 
sonable and  needful  to  the  well-being  of  the  community.  And,  above 
all,  we  ought  to  impress  on  every  boy  that  this  civilization  in  which  he 
grows  is  only  one  of  the  innumerable  experiments  of  life  that  has  been 
tried;  that  it  is  by  no  means  the  only  successful  one,  or  perhaps  not  the 
most  successful,  that  there  has  been;  that  there  are  many  other  solu- 
tions of  the  problems  of  community  and  culture  which  are  as  good  as 
our  own,  and  that  no  one  solution  will  fit  a  dift'erent  race,  climate,  or  set 
of  conditions. 
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How  such  a  sense  of  proportion  in  the  world  is  to  be  attained,  and 
what  course  of  instruction  will  eradicate  political  fanaticism  and  plant 
a  reasonable  tolerance  of  other  forms  of  civilization  is  the  problem 
before  us  as  practical  anthropologists.  The  highest  form  of  this  per- 
ception of  other  existence  is  reached  in  the  best  history — writing  or 
fiction — which  enables  the  reader  to  strip  himself  for  the  time  of  his 
prejudices  and  view  of  life  and  reclothe  the  naked  soul  with  an  entirely 
different  personality  and  environment.  Very  few  writers,  and  those 
only  ^n  rare  instances,  can  reach  this  level.  It  needs  consummate 
knowledge,  skill,  sympathy,  and  abandon  in  the  writer,  and  if  without 
these,  it  is  neither  accurate  nor  inspiring.  The  safer  course  is  to  care- 
fully select  from  the  best  literature  of  a  civilization,  and  explain  and 
illustrate  this  so  as  to  leave  no  feature  of  it  outside  of  the  reason  and 
feelings  of  the  reader.  Here  we  run  against  the  special  bigotry  of  the 
purely  classical  scholar,  who  looks  on  ancient  literature  as  a  peculiar 
preserve  solely  belonging  to  those  who  will  labor  to  read  it  in  its  orig- 
inal dress.  No  one  limits  an  acquaintance  with  Hebrew,  Egyptian,  or 
Arabic  authors  to  those  who  can  deal  with  those  tongues,  and  Gredt 
and  Latin  authors  ought  to  be  as  familiar  to  the  English  reader  a8 
Milton  or  Macaulay.  To  say  that  because  it  is  impossible  in  a  busine.ss 
education  to  give  several  years  to  a  working  knowledge  of  ancient  lan- 
guages, that  therefore  all  thought  written  in  those  languages  shall  be  a 
sealed  book,  is  i)edantry  run  mad.  A  few  months  or  even  weeks  on 
translation  will  at  least  open  the  mind  and  give  an  intelligent  sense  of 
the  variety  and  the  standpoint  of  the  intellect  of  the  past.  And  such 
a  course  is  certainly  better  than  the  total  ignorance  which  now  prevails 
on  such  lines  where  the  classics  are  not  taught. 

What  seems  to  be  the  most  practical  course  would  be  the  recognition 
of  civilization  or  social  life  as  a  branch  of  general  reading  to  be  stimu- 
lated in  schools  and  encouraged  by  subsequent  inquiry  as  to  the  extent 
to  which  it  is  followed  and  understood,  without  making  it  an  additional 
fang  of  the  examination  demon. 

The  books  required  for  such  reading  should  cover  the  life  of  Greece, 
Kome,  Babylon,  Egypt,  and  Mexico  in  ancient  times;  and  China,  India, 
Persia,  Russia,  Spain,  and  one  or  two  low  civilizations,  such  as  the 
Andamans  and  the  Zulus,  in  modern  times.  Neither  histories  nor 
travels  are  wanted  for  this  purpose,  but  a  selection  of  the  literature 
which  shall  most  illustrate  the  social  life  and  frame  of  the  communit}^, 
with  full  explanation  and  illustrations.  We  need  not  to  excite  wonder, 
astonishment,  or  disgust,  but  rather  to  enable  the  reader  to  realize  the 
daily  life,  and  to  live  in  the  very  minds  of  the  people.  Where  no  liter- 
ature is  available,  a  vivid  study  of  the  nature  of  the  practical  working 
of  their  civilization  should  take  its  place. 

Such  is  the  practical  scope  of  anthropology  in  our  daily  life,  where 
it  needs  as  much  consideration  and  will  exercise  as  great  an  influence 
as  any  of  the  other  subjects  dealt  with  by  this  Association. 
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By  Maxime  Oollignon. 


lu  the  days  when  Hittorff  had  proven  conclusively  in  his  writings 
that  Greek  architects  constantly  employed  polychromy,  an  archieolo- 
gist,  a  determined  adversary  of  the  new  theory,  traveled  all  over  Greece, 
resolved  to  see  nothing  that  could  be  opposed  to  his  views.  One  of 
his  followers  had  climbed  to  the  coruice  of  a  temple,  and  while  explor- 
ing it,  the  following  dialogue  was  heard:  "Do  you  find  any  traces  of 
color  f  "  Yes ! "  "  Come  down  instantly ! "  Unless  we  employ  the  same 
method,  it  is  very  difficult  nowadays  to  doubt  that  the  Greeks  i)ainted 
their  statues.  The  question  is  a  matter  of  fact,  and  arguments  drawn 
merely  from  aesthetics,  or  from  sentiment,  can  not  prevail  against  abun- 
dant testimony. 

Not  only  do  excavations  in  Greece,  in  Olympia,  Athens  and  Delphi 
furnish  us  many  an  imposing  series  of  sculptures,  uninjured  by  indis- 
creet restoration  and  still  preserving,  as  they  came  forth  from  the  soil, 
traees,  and  sometimes  actually  startling  traces,  of  painted  decorations, 
but  the  catalogues  of  the  great  museums  of  Europe  report  periodically 
among  their  new  acquisitions  Greek  marbles  on  which  the  practiced  eye 
very  quickly  discovers  unmistakable  vestiges  of  painting.  And  who 
could  possibly  measure  the  harm  that  has  been  done  in  this  respect  by 
the  fatal  mania  of  so-called  restoration  and  of  thorough  cleansing,  from 
which  we  are  now  happily  delivered!  The  principle  of  polychromy 
itself  is  no  longer  contested.  The  account  of  former  controversies 
would  now  hardly  offer  more  than  one  single  kind  of  interest.  This 
would  be  to  see  how  a  prejudice  gradually  declined  that  had  been  born 
in  the  days  of  the  Renaissance,  defended  in  the  name  of  modern  aesthet- 
ics, and  yielding,  step  by  step,  and  with  frequent  rebellions,  to  the 
reality  of  facts.  But  though  on  this  point  all  discussion  is  at  an  end, 
yet  the  question  remains  open.  In  fact,  it  is  evident  that  polychromy 
has  been  applied  in  various  ways,  and  that  during  the  five  or  six  cen- 
turies in  which  Greek  art  has  enjoyed  an  independent  life,  the  progress 
made  in  technical  matters,  as  well  as  in  style,  has  modified  the  rules 
which  controlled  the  painting  of  statues.  The  problem  which  in  our 
day  preoccupies  the  historians  of  antique  art  is  mainly  historical. 
What  is  the  nature  of  the  evolution  through  which  polychromy  has 
passed  from  the  beginning  of  Greek  art  to  tile  masterpieces  produced 


'  Translated  from  Revue  des  Dexix  Mondes,  vol.  127,  February  15,  1895. 
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by  such  great  masters  as  Scopas  and  Praxiteles?  Can  we  iwssibly 
mark  all  the  steps  and  landmarks,  can  we  determine  for  each  period 
what  were  the  rules  that  governed  the  painters  of  statues?  The  most 
conclusive  answer  would  certainly  be  a  systematic  statement  of  the 
facts  that  have  been  observed.  Without  claiming  such  aceura<*y  bere, 
I  shall  endeavor  to  characterize,  with  the  assistance  of  the  most  imiwrt- 
ant  testimony,  the  principal  phases  through  which  Greek  polychroniy 
has  passed.^ 

I. 

In  order  to  explain  the  use  of  polychromy  in  Greece,  frequent  refer 
ence  is  made  to  the  influence  of  the  climate,  to  the  peculiarity  of  an 
intense  light  which  often  blinds  the  sight,  and  which  on  hot  suiniiier 
djiys,  drowns,  as  it  were,  the  shapes  of  things  and  their  outlines.  At 
hours  when  the  heat  is  less  fierce,  this  diffusion  of  light  seems  to 
have  no  other  end  than  to  caress  colored  forms,  and  this  "all  joyoas 
sky,"  to  quote  a  Greek  poet,  would  look  almost  offended  by  the  cold 
and  dim  *^  tones,"  with  which  we  must  be  content  in  our  climate.  This 
argument  has  not  lost  its  value  because  it  has  so  often  been  invoked, 
and  we  are  still  quite  ready  to  ticknowledge  that  a  privilegeil  sky  ba* 
evoked  in  the  Greeks,  as  in  the  Egyptians  and  the  Asiatics,  an  instinct 
and  a  necessity  for  color.  But  polychromy  exists  already  in  primitive 
Hellas,  long  before  art  was  sufficiently  advanced  to  understand  its 
laws  and  to  analyze  its  harmonies.  It  has  the  same  origin  as  the  \}h\s 
tic  art,  and  a  very  modest  beginning  it  is.  At  a  time  when  statuary 
was  represented,  all  in  all,  by  a  few  wooden  statues,  which  wandering 
image  carvers  squared  with  the  ax  and  shaped  with  the  saw  and  the 
gauge,  painting  was  the  never- failing  complement  of  the  work  of  tbese 
implements;  it  serves  to  conceal  its  shortcomings  and  gives  to  the 
work  a  semblance  of  life.  Ancient  writings  allude  more  than  once  to 
old  idols,  imiuted  or  gilt,  and  we  know  that  when  religious  traditious 
require  it,  even  in  the  classic  period  such  wooden  images  were  protlnced 
and  adorned  with  colors.  Thus  at  Delos,  in  the  third  century,  a  statne 
of  this  kind  was  ordered  to  be  made  every  year,  to  be  worshipped  on 
the  great  festive  day  of  Dionysius;  it  passed  through  the  hands  of  the 


iQiiatremdre  de  Quincy  was  tLe  first  to  undertake  a  systematic  study  of  antiqae 
polychromy  in  tlie  Jupiter  Olympien  (Paris,  1815).  Much  has  been  written  on  this 
question,  and  as  for  ancient  works  we  must  refer  the  render  to  the  list  of  writiugs 
fjfiven  by  Mr.  Sittl,  Archieologie  der  Kunst,  page  414,  in  the  Ilandbuch  der  klassi- 
Bchen  Altertums-Wissenschaft  of  I  wan  von  MUller,  Munich,  1895.  We  shaU  quota 
here  only  a  few  of  the  more  recent  comprehensive  publications :  Georg  Treu,  Sollen 
wir  unsere  Statuen  bemalen?  Berlin,  1884.  Bliimer,  Tochnologii^  uud  Terminologie 
del  Gewerbe  und  Kiinste  bei  Griechcn  und  Romern,  III,  p.  200  and  following :  Th.  Alt 
Die  Grenzen  der  Kunst  uud  die  Bunttfarbigkeit  der  Antike,  Berlin,  1886.  Geskel 
Saloman,  Ueber  vielfarbige  und  weisse  Marmorskulptur.  Stockholm,  1891.  Th. 
Ballorn,  Die  Polychromie  in  der  griech.  Plastik,  Zeit>8cbrift  fiir  bildendo  Kunst  de 
Liitzow,  1893.  E.  Robinson,  Did  the  Greeks  paint  their  sculptures f  The  Century, 
New  York,  1891-92.    Articles  on  special  subjects  will  be  mentioned  hereafter. 
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painter,  who  received  the  same  compensation  as  the  sculptor.^  What 
such  daubing  may  have  been  toward  the  eighth  century  before  our 
era,  we  can  at  least  imagine  easily  enough,  when  we  look  at  the 
primitive  terra-cotta  figures,  and  the  popular  images  whicli  have  come 
down  to  us  like  so  many  cheap  reductions  of  idol  statues.  This  vio- 
lent daubing,  these  red  patches  that  stain  the  cheekbones,  give  us  an 
impression  of  what  this  barbarous  coloring  may  have  been;  and  the 
imi)ression  would  no  doubt  be  very  much  the  same  if  the  impossible 
should  happen,  and  we  should  dig  up  some  wooden  statue.  To  look  for 
laws  which  define  the  use  of  polychromy  in  works  that  no  longer  exist 
would  be  building  castles  in  the  air.  But  what  these  ancient  records 
teach  us  is  to  make  allowance  for  the  religious  sentiment  that  dwells 
in  these  naive  aesthetics  which  associate  color  with  shape.  According 
to  old  Greek  ideas,  the  statue  of  the  god  is  really  animated  by  a  divine 
power;  these  idols  are  living  beings.  Statues  are  believed  to  move 
their  hands,  perspire  drops  of  blood,  and  impart  to  such  as  touch  them 
a  sui)ernatural  strength.  They  change  miraculously  their  habitation — 
a  statue  of  Apollo  goes  and  defends  the  walls  of  Corcyra.  They  are 
adorned  with  jewels  and  with  clothes;  they  are  perfumed  like  other 
beings  of  flesh  and  blood.  As  a  matter  of  course,  the  image  of  the  god 
must  have  every  appearance  of  life,  and  art  must  employ  all  its  resources, 
giving  them  both  shape  and  color.  This  coloring  will  at  first  be  a  crude 
daubing,  but  it  will  please  the  god  and  the  Xoavov  under  its  layer  of 
Vermillion  or  of  '^lees  of  wine'',  and  will  fill  the  devout  worshippers 
with  the  saine  awe  with  which  they  were  later  on  inspired  by  the  Athene 
of  Phidias,  resplendent  at  the  Parthenon  in  all  the  brilliancy  and  glory 
of  her  rich,  metallic  i>olychromy. 

We  will  now  leave  those  obscure  days  and  turn  our  attention  to 
others  still  very  distant,  but  such  as  have  left  us  unmistakable  evi- 
dence— we  mean  monuments.  During  the  seventh  century  before  our 
era,  Greek  sculpture  began  to  employ  a  material  that  is  more  durable 
than  wood.  Certain  privileged  schools  already  used  marble  that  came 
from  Paros  or  ^axos,  but  in  continental  Greece  the  sculptors  were  still 
content  with  softer  stone — first  a  friable  limestone,  full  of  shells  and 
abounding  in  cavities;  later,  as  their  tools  improved  and  they  were 
better  able  to  choose  their  material,  a  stone  of  closer  grain  and  more 
resistance.  The  study  which  we  are  able  in  our  day  to  devote  to  these 
primitive  sculptures  extends  already  over  a  considerable  number  of 
monuments.  From  the  metopes  of  Selinonte  to  the  recently  discovered 
sculptures  at  Delphi,  belonging  to  the  treasure  of  the  Sycionians,  a 
large  number  of  such  examples  might  be  enumerated.  The  tufa  pedi- 
ments, sculptured  in  bas-relief  or  in  high-relief,  which  were  found  from 
1882  to  1888  in  the  excavations  of  the  Acropolis  at  Athens,  occupy  a 
place  of  honor  in  this  remarkable  series  of  works.^ 

1  Bulletin  de  correBpondance  hell^nique,  1890,  page  799.    Article  by  HomoUe. 
^They  have  been  the  subject  of  a  very  comprehensive  essay  by  Lechat,  Les  sculp- 
tures en  tnf  de  TAcropole  d'Ath^neS;  Revue  arch^ologique,  1891. 
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If  wooden  statuary  already  requires  the  use  of  colors^  scolptores  of 
soft  stone  exact  it  likewise  as  an  indispensable  complement  Tb€ 
sculptor  who  uses  this  friable  material  that  yields  so  readily  to  the 
chisel  can  not  reproduce  all  the  details  of  the  shapes  that  make  up  his 
model.  And  even  if  he  wished  it,  even  if  he  had  the  talent  that  is 
needed,  he  would  not  be  able  to  do  it  because  of  the  imperfect  tools 
and  the  quality  of  the  stone.  It  has  been  very  justly  asserted  that  the 
monuments  themselves  attest  the  inefficiency  of  the  tools  that  the^ 
primitive  artists  used  5  it  was  always  the  saw  and  the  gauge  with  which 
these  image  makers  shajjed  their  wooden  idols.  A  sculptor  of  the  sixth 
century  might  have  carved  a  stone  so  as  to  produce  a  statue  or  a  pedi- 
ment, but  would  he  have  considered  his  work  completed  when  he  had 
summarily  modeled  large,  level  surfaces  and  hollowed  out  the  limestoDe 
with  his  gauge  so  as  to  shax)e  the  curls  of  the  head  or  the  folds  of  the 
drapery?  His  eye  will  be  shocked  by  the  defects  in  the  stone,  by  the 
rough  and  uneven  aspect  it  presents.  There  will  be  a  call  for  painting 
that  is  here  also  to  play  its  part,  to  conceal  the  imperfections  of  the 
material,  to  beautify  the  work,  and  to  give  to  the  statue  its  final,  definite 
aspect.  In  such  cases,  polychromy  ought  to  be  as  complete  as  possible, 
and  it  is  thus,  indeed,  that  the  monuments  show  it  to  us,  especially  the 
pediments  of  the  Acropolis,  in  which  color,  freely  dififused  over  all  the 
sculptured  parts,  covers  them  with  simple,  quiet  tints  liberally  dis- 
tributed. Thus  we  obtain  a  well-established  law  for  primitive  Greek 
art,  whether  the  work  be  a  statue  or  a  bas-relief — sculpture  in  soft  stone 
requires  complete  coloring. 

What  is,  on  the  other  hand,  the  representative  value,  so  to  call  it,  of 
such  polychromy  !  Does  it  aim  at  reproducing  the  reality  of  the  colors, 
to  give  within  the  limits  of  its  resources  the  semblance  of  life?  As  far 
as  statuary,  i)roperly  so  called,  is  concerned,  we  hardly  possess  any- 
thing more  than  mere  fragments — some  heads  and  parts  of  draped 
statues.^  They  show  us  some  reds  and  some  blues  applied  to  the  gar- 
ments. At  times  the  flesh  is  painted  red.  As  we  meet  with  the  same 
colors  in  monumental  sculptures,  we  may  take  it  for  granted  that  poly- 
chromy follows  the  same  laws  in  both  cases  and  preserves  the  same 
character.  Now  it  is,  beyond  all  doubt,  purely  conventional.  Exam- 
ine with  a  view  to  this  point  the  most  remarkable  of  the  x>^ini€nt« 
carved  in  soft  stone  that  has  been  found  on  the  Acropolis  of  Athens, 
that  which  contains,  among  other  figures,  the  strange  shape  of  Typhon, 
consisting  of  three  busts  of  men,  each  of  them  provided  with  a  ser 
pent's  tail.^  The  prevailing  colors  are  red  and  blue.  They  alternate  in 
long  stripes,  which  cover  the  bodies  of  the  serpents,  in  the  ornamenta- 
tion of  the  unfolded  wing  belonging  to  one  of  the  busts.  The  absolute 
indifference  of  the  painter  with  regard  to  truthfulness,  or  even  proba- 
bility, is  clearly  enough  shown  by  the  eccentric  coloring  of  the  heads. 


1  Holleanx,  Bulletin  de  correspondnnce  helldniqne,  X,  PL  VII. 
« Revue  arch^ologique,  1891,  Pis.  XIII-XIV. 
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Who  does  not  nowadays  know  the  head  of  one  of  the  triple  busts  of 
Typhon,  or  "Blue  Beard,"  to  give  its  popular  namef^  With  his  blue 
Lair  and  beard,  his  big  eyes  and  their  yellow  eyeballs,  his  green  iris 
hollowed  out  into  a  black  hole  to  represent  the  pupil,  this  head  would 
seem  to  have  been  a  challenge  to  good  sense  if  we  did  not  know  that 
the  painter  had  purposely  remained  within  the  bounds  of  conventional 
rules.  In  like  manner  we  see,  with  no  very  great  astonishment,  among 
the  fragments  of  another  x)ediment,  two  lions  with  pale  pink  bodies  tear- 
ing with  their  claws  the  body  of  a  blue  bull,  on  which  long  red  lines 
represent  streams  of  blood.  Blue  and  red  are  evidently  the  favorite 
colors  of  architectural  polychromy,  and  their  choice  is  easily  explained. 
The  painter  who  colored  these  pediments  desired,  first  of  all,  to  bring 
them  in  harmony  with  the  architecture.  He  therefore  employed  the 
same  warm  and  vibrating  tones  which  enliven  the  architraves  and  the 
ogees. 

Painting  all  over,  because  the  material  requires  it,  conventional  paint- 
ing, because  it  had  to  conform  to  that  used  in  architecture — such  is 
the  nature  of  polychromy  in  monumental  sculpture  toward  the  middle 
of  the  sixth  century  before  our  ^a.  When  this  rule  is  applied  to 
bas-reliefs  it  leads  to  consequences  which  are  original  enough  to  be 
pointed  out  here.  In  fact,  the  polychromy  of  bas-reliefs,  looked  at  in 
the  light  of  what  in  the  language  of  studios  is  known  as  the  relation  of 
values,  may  be  considered  under  two  aspects,  either  the  figures  stand  out 
vigorously  from  a  light  background  or  they  are  disappearing  in  the  clear 
from  a  dark  background.  The  primitive  artist  who  worked  in  soft  stone 
naturally  preferred  the  former  method.  One  of  the  pediments  of  the 
Acropolis  of  Athens,  that  in  which  Hercules  fights  the  hydra  of  Lernea, 
shows  us  a  kind  of  silhouette  reproduction  of  figures  painted  all  over 
on  a  ground  which  preserves  the  natural  color  of  the  stone.'  The  com- 
bined effect  recalls  quite  forcibly  that  produced  by  vases  with  black 
figures,  on  which  the  various  personages  contrast  with  a  ground  of 
clay.  This  analogy  with  the  painting  of  vases  has  seemed  more  strik- 
ing since  we  have  become  acquainted  with  the  tufa  metopes  of  the  treas- 
ure of  the  Sicyonians  discovered  at  Delphi.  Not  only  has  the  background 
on  these  metopes  never  been  touched  by  the  brush  of  the  painter,  but  by 
the  side  of  personages,  colored  with  bister  or  an  orange-red,  inscriptions 
in  black  letters  indicate  their  names.^  We  could  not  imagine  a  more 
perfect  resemblance  to  the  decoration  of  a  Corinthian  vase.  Such  facts 
lead  us  to  think  that  the  polychromy  of  the  bas-reliefs  has  pretty  closely 
followed  the  traditions  of  painting.    Thus,  it  also  feels  effects  of  the 


'It  has  been  reproduced  with  its  colors  in  a  large  lithographic  plate  in  Antiko 
Denkmaeler  herausgegebeu  von  deutschen  arch^eologischen  Institut,  I,  1889,  pi. 
XXX.    Compare  plate  II  of  my  Histoire  de  la  sculpture  grecque,  Vol.  I. 

^See  P.  I.  Meyer,  Athenische  Mittheilungcn,  X,  pages  237-322,  and  the  comparison 
with  the  painting  of  vases  pointed  out  by  Mr.  Brownson,  American  Journal  of  Archae- 
ology, VIII,  pages  28-41. 

°Bee  the  article  by  Mr.  HomoUe,  Gazette  des  Beaux  Arts,  December  1, 18(4. 
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revolution  which  about  520  or  530  modiiied  the  technics  of  pninted 
vases.  Under  the  influence  of  the  progress  made  by  painting,  and  car- 
ried away  by  an  impulse  due  perhaps  to  the  innovations  of  Cimon  of 
Cl^ones,^  the  ceramists  abandoned  their  old  methods.  In  the  place  of 
those  black  silhouettes,  set  off  by  a  kind  of  slip  or  white  paste,  but 
rather  sad  of  aspect,  they  now  prefer  clear  figures  enclosed  in  a  brilliant 
black  ring;  in  other  words,  they  reverse  the  relation  of  values.  Will 
the  painters  of  bas-reliefs  remain  faithful  to  superannuated  customs! 
We  know  they  did  not.  Here,  for  instance,  is  a  well-known  monument 
contemporary  with  the  first  Attic  vases  with  red  figures — we  mean  tbe 
Stela  of  Veladin^^za — in  which  an  Athenian,  Aristion,  is  represented 
in  war  costume.  The  ground  has  preserved  a  somber  tint  that  sets 
off  the  bright  effects  of  the  fiesh  parts  and  the  nets  of  the  hair,  which 
are  skillfully  managed  so  as  to  isolate  certain  details,  like  the  shoulder 
piece  of  the  armor.^  One  of  the  most  important  discoveries  which  we 
owe  to  the  excavations  made  by  the  French  School  at  Delphi  turnishes 
an  additional  argument.  In  the  magnificent  frieze  of  the  Treasure  of 
the  Siphnians  the  ground  had  been  painted  blue,  and  if  the  armor  and 
the  clothes  have  kept  some  traces  of  color,  no  such  are  seen  on  the  uncov- 
ered parts.  The  artist  had,  moreover,  taken  care  to  prevent  the  colors 
of  the  accessory  parts  from  being  confounded  with  those  of  the  ground. 
A  warrior  may  have  a  blue  helmet  on  his  head,  but  this  part  of  his 
armor  is  very  cunningly  surrounded  by  a  red  edging,  and  thus  the  eye 
perceives  the  outlines  very  accurately.  The  painting  of  bas-reliefs  is 
evidently  inclining  toward  a  new  system,  which  will  cause  sustained 
efforts  to  be  maintained,  and  in  order  to  continue  a  comparison  borrowed 
from  ceramic  painting,  a  polychromatic  painting  will,  as  far  as  the  total 
effect  is  concerned,  recall  the  effect  of  a  vase  on  which  red  figures  stand 
out  from  a  dark  ground. 

The  stela  of  V^»ladin6za  and  the  frieze  of  the  Siphnians  are  marble 
sculptures.  The  evolution  of  which  we  are  speaking  coincides,  as  we 
have  shown,  with  the  employment  of  a  material  finer  than  soft  stone, 
and  which,  toward  the  middle  of  the  sixth  century,  almost  everywhere 
took  the  place  of  the  tufa,  so  dear  to  old  sculptors.  With  the  use  of 
marble  for  sculptures,  polychromy  also  entered  upon  a  new  phase. 

II. 

Marble  is  for  us  a  rare  and  costly  material;  there  is,  as  it  were,  a  feel- 
ing of  economy  in  our  regard  for  it,  and  this  is  no  doubt  one  of  the 
reasons  why  the  idea  of  polychromy  was  for  a  time  looked  upon  as  a 


'As  to  this  question  we  refer  our  readers  to  the  work  of  Mr.  Paiil  Girard,  La  Pfintnre 
Antique,  page  141. 

'^This  bas-relief  has  been  reproduced  in  all  it«  colors  in  the  work  entitled  Pie 
Attischeu  Grabreliefs,  published  by  the  Academy  of  Sciences  at  Vienna,  under  the 
direction  of  Mr.  Conzo.  See  PI.  II.  Concerning  the  relations  between  the  poly- 
chromy of  Attic  stelae  and  painting,  intercHting  observations  will  be  found  in  an 
article  by  Mr.  Loeschcke,  Athenische  Mittheilungen,  IV,  page  26  and  ff. 
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kind  of  sacrilege.  To  apply  an  artificial  coloring  to  beautiful  Greek 
marble,  with  its  pure  grain,  seemed  to  be  almost  a  profanation.  No 
doubt  the  Greeks  knew  its  full  value.  The  marble  of  Paros  was  an 
article  of  exportation,  and,  notwithstanding  the  richness  of  their  own 
Pentelicon,  the  Athenians  bought  it  and  paid  a  good  price  for  it.  But 
marble  was  still  only  "white  stone"  for  them;  in  other  words,  a  stone  of 
greater  beauty  and  greater  consistency  than  limestone,  offering  in 
these  very  qualities  greater  advantages  to  the  architect  and  the  sculp- 
tor. The  use  of  this  new  material  did  not  at  once  cause  old  habits  to 
be  abandoned;  polychroiny  does  not  disappear;  it  is  only  somewhat 
changed.  A  safe  instinct  warns  sculptors  that  this  close  and  highly 
polished  grain,  this  warm  transparency,  this  gentle  glow,  must  all  con- 
tribute to  the  beauty  of  artistic  work,  and  that  the  problem  which  they 
have  to  solve  is,  how  to  conciliate  the  exigencies  of  the  material  with 
those  of  color.  This  problem  archaic  masters  are  bent  upon  solving, 
and  they  do  it  with  as  much  good  taste  as  decisiveness. 

We  are  nowadays  perfectly  well  informed  as  to  the  painting  of 
archaic  marble  statues,  and,  to  speak  only  of  the  most  widely  known 
discoveries,  the  excavations  on  the  Acropolis  of  Athens  have  revealed 
it  to  us  in  unexpected  accuracy.  The  statues  of  women,  gathered 
together  in  the  Museum  of  the  Acropolis,  are  well  known.  These  mar- 
ble figures,  which  revive  for  us  the  contemporaries  of  the  Pisistratides, 
have  often  been  described ;  their  somewhat  stiff  attitudes  have  been 
commented  upon  with  some  self-complacency;  their  gestures,  appar- 
ently regulated  by  a  kind  of  coquettishness,have  been  studied,  as  well  as 
their  festive  costumes,  with  their  long,  regular  folds,  and  the  cunning 
arrangement  of  the  hair.^  The  minute  carefulness  of  the  execution 
warns  us  that  the  art  of  working  in  marble  has  now  reached  its  highest 
technical  perfection,  and  that  any  progress  to  be  made  hereafter  can 
only  be  a  progress  in  style.  The  artists  who  have  carved  these  statues, 
between  520  and  480,  are  sure  of  their  chisels,  as  the  painters  who 
decorate  them  are  sure  of  their  principles.  Polychromy  now  follows 
established  rules  and  no  longer  proceeds  by  experiments.  We  may 
therefore  choose  an  example  which  will  save  us  long  descriptions,  and 
examine,  from  among  the  statues  of  the  Acropolis,  one  of  those  that 
has  preserved  most  valuable  traces  of  having  been  painted.^  Let  us 
look  first  at  the  head,  with  its  hair  curiously  wrought  in  detail  by  the 
chisel;  curls  are  rising  stage  upon  stage  in  front,  tresses  are  flowing 
down  upon  the  breast,  a  mass  of  hair  is  spread  out  over  the  shoulders 
in  one  large  sheet,  as  it  were,  marked  with  regular  undulations.    In 


*  The  most  complete  accoaiit  of  this  subject  will  be  found  in  Mr.  Lecbat^s  articles 
in  the  Bulletin  de  correspondance  hell<5niquo  1890,  pages  301-362, 552-586.  The  same 
author  has  very  closely  examined  the  polychromy  of  statues,  and  I  only  sura  up  here 
his  conclusions. 

'This  is  the  statue  which  is  represented  on  PI.  Ill  of  the  Musses  d'Athenes.  A 
colored  plato,  pubUshed  in  the  Antike  Denkmiiler  I,  PL  XXXIX,  gives  the  colors  of 
the  ooBtumes. 
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order  to  perfect  the  sculptor's  work,  but  one  plain  tint  will  be  required, 
and  this  tint  is  borrowed  from  one  of  the  conventional  colors,  the  red- 
dish brown,  which  is  going  to  be  constantly  used,  even  at  a  much  lat» 
date,  by  the  painters  of  statues.    In  contrast  with  this  quiet  and  solid 
coloring,  the  Hesh  of  the  face  is  left  as  it  is,  and  the  tone  of  the  marble 
reappears,  together  with  its  transparency.    On  the  other  hand,  the  lips 
are  red;  the  eyebrows  and  lids  are  marked  with  a  black  line;  the  papil 
is  black  and  surrounded  by  a  red  circle,  to  represent  the  iris.    Polj 
chromy,  heretofore  total  and  complete,  is  now  therefore  limited  to  cer 
tain  parts — to  the  same  parts  which  in  living  natare  contrast  by  their 
natural  coloring  with  the  color  of  the  skin.     If  we  next  examine  the 
costume,  we  notice  here  the  same  recoiling  of  solid  colors  which  makn 
room  for  the  whiteness  of  the  marble.    Here,  again,  color  takes  refage 
in  the  decorations,  large  stripes  embroidered  with  fretwork  and  wind- 
ing lines  which  adorn  the  front  of  the  chiton  or  the  borders  of  the 
peplos;  in  the  laces  which  border  the  neck  of  the  chemisette,  in  the 
flowery  shapes,  the  foliage,  and  the  crosses  that  form,  as  it  were,  a  scat- 
tering  of  seed  on  the  drapery.    Everywhere  else  the  tone  of  the  marble 
recalls  the  warm  whiteness  of  woolen  or  linen  stuffs,  and  if  the  punter 
does  not  altogether  forego  the  solid  colors  he  reserves  them  for  more 
limited  spaces,  like  the  top  of  the  chemisette,  which  shows  from  under 
the  drapery  of  the  peplos.    The  colorist  employs  this  polychromy,  that 
has  now  become  but  partial,  with  great  caution.     He  takes  pains  to 
engrave  with  a  burin  a  kind  of  sketch  of  the  ornamentation,  and  this 
slight  hint  guides  his  brush  so  as  to  follow  the  complicated  design  of 
the  fretwork  and  winding  outlines.    This  is,  besides,  a  process  by  no 
means  peculiar-  to  Athenians.    The  seated  statue  of  Charts  in  the 
British  Museum,  the  statue  of  the  Victory  of  Archermos  in  the  Central 
Museum  at  Athens,  all  preserve  alike  traces  of  this  engraved  sketch 
which  bears  witness  to  the  use  of  painting,  even  at  a  time  when  evwy 
vestige  of  color  has  disai)peared. 

Thus,  we  find  the  statue  painted  according  to  the  rules  of  archaic 
polychromy.  Dull,  solid  colors,  without  transparency,  stand  out  fiDm 
the  marble  which  forms  the  ground.  The  ttmes  that  prevail  in  this 
scale  of  colors,  limited  as  it  is,  are  always  the  same  as  those  used  in 
monumental  polychromy — that  is  to  say,  red  and  blue,  at  one  place 
freely  spread  over,  as  over  the  hair  or  the  chiton,  elsewhere  knowinglj 
combined  so  as  to  form  the  attractive  ornamentation  of  stripes  and 
seed  like  adornments.  A  few  fine  black  lines  mark  the  details  of  the 
eyes  and  the  arch  of  the  eyebrows;  here  and  there,  on  the  pendants 
from  the  ears  and  upon  the  frontlet  that  crowns  the  coiffure,  some  gild* 
ing  adds  a  metallic  sheen;  the  painter's  brush  has  finished  its  worL 

Has  a  statue  thus  painted  assumed  the  appearance  of  lifef  Is  it  a 
realistic  sentiment  which  has  suggested  the  choice  of  colors  and  the 
manner  of  ax)plying  them!  By  no  means !  The  whole  ambition  of  the 
painter  has  been  his  desire  to  remain  within  strict  conventionalitiesi 
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to  improve  the  sculptor's  work  by  the  charm  of  colors,  and  to  perform 
an  artist's  work  without  any  effort  to  mislead  the  eye  by  a  willful  imi- 
tation of  the  reality.  Hence,  the  exquisite  precautions  he  takes  to  pre- 
vent any  vulgar  accident  from  tarnishing  the  freshness  of  this  delicate 
coloring!  Look  at  this  metal  spike  fastened  to  the  top  of  the  head. 
This  is  to  support  the  crescent,  called  a  meniscus,  made  of  wood  or  of 
metal,  which  protects  the  statue  against  the  offences  committed  by 
birds,  and  to  secure  it  against  the  defacements  with  which  it  is  con- 
stantly threatened  by  those  indiscreet  guests  of  the  Acropolis. 

Does  this  coloring  of  the  statue  complete  its  toiletf  It  has  been 
justly  remarked  that  the  contrast  between  the  painted  parts  and  the 
natural  tint  of  the  marble  would  be  too  painful  to  the  eye  unless  a  kind 
of  treatment  with  the  hand — a  patinage — should  reestablish  the  proper 
harmony  by  softening  this  rather  crude  whiteness.  Archaic  marbles 
have  preserved  no  trace  of  such  a  treatment,  but  this  fact  is  easily 
explained.  But  at  a  later  date  we  meet  with  several  examples,  and 
the  written  texts  make  frequent  allusions  to  it.  Nothing  prevents  our 
believing  that  the  artists  of  the  sixth  century  had  already  compre- 
hended the  necessity  of  a  proceeding  which,  as  we  shall  see  further  on, 
plays  a  very  important  part  in  the  classic  period. 

III. 

The  adversaries  of  polychromy  may  look  upon  the  limitation  of 
painting  to  certain  parts  of  archaic  statues  as  a  symptom  of  approach- 
ing decline.  It  looks  to  them  somewhat  like  an  ancient  tradition  which 
still  survives,  but  is  doomed  to  disappear.  Or  is  it  rather  a  shrinking 
back — a  movement  such  as  that  which  was  observed  in  Italian  sculp- 
ture toward  the  beginning  of  the  sixteenth  century  I  And  when,.after- 
wards,  the  great  masters  of  marble  statuary,  with  Phidias  and  his 
successors,  shall  try  to  find  in  their  modelings  the  most  delicate  tints, 
when  they  shall  give  to  drapery  a  matchless  elegance  and  nobility,  will 
they  not  then  repudiate  superannuated  proceedings  employed  by  primi- 
tive image  makers  in  order  to  hide  the  shortcomings  of  their  chisel? 

Here  we  come  upon  a  most  earnestly  controverted  question.  As  far 
aa  the  brilliant  periods  of  the  fifth  and  fourth  centuries  are  concerned, 
the  facts  are  more  widely  scattered,  the  pieces  of  evidence  do  not  suc- 
ceed each  other  with  absolute  regularity,  as  they  do  in  that  matchless 
totality  of  the  sculptures  on  the  Acropolis.  Still,  by  combining  all  the 
information  we  find  here  and  there,  they  present  a  cohesion  which  is  by 
no  means  factitious,  and  gradually  we  are  convinced.  We  come  readily 
to  the  conclusion  that  polychromy  has  survived  the  primitive  archaism 
for  many  centuries. 

Monumental  sculpture  and  bas-reliefs  present  to  us  certain  land- 
marks; they  follow  each  other  during  a  long  period,  extending  from  470 
to  about  the  end  of  the  fourth  century.  Traces  of  color  have  been  found 
upon  the  metopes  of  the  temple  of  Zeus  at  Olympia,  and  on  the  drapery 

SM  95 39 


610  POLYCHROMY    IN   GREEK    STATUARY. 

of  the  colossal  Apollo,  that  once  stood  in  the  center  of  the  western 
pediment.  If  the  investigations  made  at  the  Parthenon  have  led  only 
to  uncertain  results,  the  frieze  of  the  temple  of  Theseus,  of  a  somewhat 
later  date  than  that  of  the  Panathenes,  has  preserved  traces  of  ooIot 
ing.  When  Mr.  Newton,  in  1866,  on  the  place  where  the  Mansoleam 
of  Halicarnassus  once  stood,  conducted  his  memorable  excavatious,  he 
could  disc^over  on  the  grand  frieze  upon  the  costumes  of  the  colossal 
statues  which  crown  the  edifice,  traces  of  color,  which  were  then  very 
apparent,  but  are  now  almost  extinct.^  Polychromy,  however,  remains 
still  very  visible  on  the  marble  lions,  which  no  doubt  came  from  the  same 
monument.  We  can  easily  restore  the  brownish-red  tone  of  the  bodv 
and  the  bright  red  that  has  been  put  on  the  lips  and  the  tongue  that 
hangs  out  of  the  half-open  jaws.  It  will  thus  be  seen  that  x>olyelironij 
still  exists  on  monumental  sculptures  in  the  middle  of  the  foarth  ceo 
tury,  at  a  time  when  Scopas  and  his  followers  were  decorating  the 
sumptuous  tomb  of  the  Carian  king,  Mausolus;  the  harmony  has  not 
yet  been  interrupted  that  reigned  between  architecture,  brightened  bj 
elegant  polychromy,  and  the  sculpture  which  forms,  as  it  were,  one 
body  with  the  edifice. 

Is  the  inquiry  to  be  carried  any  further!  We  shall  look  at  isolated, 
independent  bas-reliefs,  that  escape  for  that  very  reason  from  the  exi- 
gencies of  monumental  polychrom3\  In  this  aspect  funeral  stela*  can 
give  us  curious  information.  In  looking  over  the  collection  of  Attic 
ftmeral  bas-reliefs,^  published  by  the  Academy  of  Sciences  in  Vienoa, 
we  gain  the  conviction  that  these  stelte,  now  mostly  without  any  color, 
still  had  received  their  final  touch  at  the  hands  of  the  painter.'  The 
brush  completed  the  decoration  of  the  pediment  and  of  the  pinnacles 
which  crowned  the  stela  and  indicated  the  details  which  the  scalf)- 
tor  had  neglected,  like  the  accessories  of  the  toilet,  the  stafif  on  which 
the  personages,  clad  in  their  cloaks,  were  resting,  and  would  look  as  if 
they  were  suspended  in  the  air  if  the  painter  had  not  come  to  the  res- 
cue and  restored  the  equilibrium.  One  of  the  most  beantifiil  of  the 
stelje  of  the  Museum  at  Athens,  that  of  Prokleides,  has  preserved 
traces  of  a  red  background,  on  which  the  blue  drapery  of  a  seated  per- 
sonage stan<ls  out  very  clearly.  Another  stela  belonging  to  Aristiv 
nantes  looks  now  as  if  it  had  no  coloring,  but  at  the  time  when  it  was 
discovered  it  still  presented  the  rich  decorations  of  its  moldings^  its 
cornice,  and  its  tympanum.  ^'The  warrior's  shield,''  wrote  Mr.  Lenor- 
mant,  "was  painted  red,  and  in  the  background  of  the  relief  there  still 
api)eared  traces  of  the  blue  tint  with  which  it  had  originally  been  cov- 
ered again.    All  this  has  vanished  under  the  influence  of  rain  and 

'C.  T.  Newton.  Discoveries  at  lialicamassnsy  Cnidns,  and  nranchida*,  I,  pagf«  101. 
222,  and  ff. 

2Die  Attischen  Grabreliefs. 

^The  mntual  assistance  which  painting  and  sculpture  render  each  other  in  Greek 
bns-reliefs  is  very  interestingly  discuHsed  by  Mr.  Conze  in  the  Sitzongs-Berichk 
dcr  nerliner  Akademie,  1882. 


POLYCHROMY  IN  GREEK  STATUARY.  611 

exposure  to  the  air."  We  know,  moreover,  quite  a  numerous  series  of 
8tel»B  in  which  the  bas-relief  is  replaced  by  painting  directly  ai)plied 
to  the  marble,^  and  in  monuments  of  careless  workmanship  as  in  cheap 
stehe,  a  sketch  is  often  found  slightly  engraved  and  intended  to  guide 
the  painter.  We  must,  therefore,  take  it  for  granted  that  a  Greek 
necropolis,  like  that  of  the  outside  ceramic  works  at  Athens,  owed  to  the 
polychromy  of  the  monuments  a  much  less  stern  aspect  than  that  of 
our  cemeteries ;  painted  tombs,  stelse  adorned  with  colored  reliefs  formed 
here  long  lines  in  picturesque  perspective;  the  wanderer  who  stopped 
before  one  of  these  beautiful  bas-reliefs  enjoyed  here  the  charm  of  form 
united  to  that  of  color,  and  if  we  wish  to  evoke  the  vision  of  an  Attic 
stela  with  its  delicate  polychK)my,  we  should  recall  the  painted  stuccoes 
of  the  Renaissance,  and  forget  the  stone  or  marble  reliefs  which  adorn 
the  most  luxurious  of  moderu  burial  places. 

The  most  striking  and  the  most  conclusive  example  of  polychromy 
applied  to  bas-reliels  happens  to  be  a  funeral  monument.  Before  the 
end  of  the  fourth  century  a  Greek  sculptor,  a  contemporary  of  Alexander, 
created  that  magnificent  sarcophagus  which  Hamdy-Bey  was  so  fortu- 
nate as  to  discover  in  the  necroi)olis  of  Sidon.  This  is  the  "Sarcopha- 
gus of  Alexander,"  now  the  most  precious  work  in  the  Museum  of  the 
Tchinily-Kiosk  at  Constantinople.^ 

We  are  not  called  upon  here  to  describe  in  detail  the  bas-reliefs  which 
so  liberally  cover  the  four  sides  of  the  huge  cofQn :  an  episode  of  a  hunt 
for  panthers,  a  lion  hunt,  in  which  a  Persian  and  a  Greek,  no  doubt 
Alexander,  are  the  principal  x>6rsonages,  a' furious  skirmish  of  (;avalry 
between  Macedonian  and  Persian  soldiers,  a  densely  crowded  composi- 
tion, in  which  we  meet  again  all  the  rush  and  the  fury  of  the  battle 
scenes  sculptured  by  contemporaries  of  Scopas,  at  Halicamassus.  In 
spite  of  the  interest  we  feel  in  these  bas-reliefs,  which  are  very  justly 
deemed  to  represent  to  us  the  beginning  of  historic  sculpture  in  Greek 
art,  we  can  not  stop  for  anything  but  the  object  of  this  essay.  Now, 
far  from  betrajring  a  decline  of  polychromy,  the  "  Sarcophagus  of  Alex- 
ander" shows  it  to  us  more  flourishing  than  ever;  it  has  actually 
gained  new  resources.  Instead  of  the  three  or  four  tints  which  the 
painters  of  the  sixth  century  employed,  the  decorator  now  commands 
a  very  rich  palette,  which  includes  violet,  purple,  blue,  yellow,  carmine 
red,  reddish  brown,  and  perhaps  dark-brown  bister.  Instead  of  timidly 
limiting  the  field  of  painting,  he  lavishes  solid  colors,  spreads  them  in 
abundance  over  the  tunics  and  fluttering  cloaks,  and  disposes  of  this 
greatly  varied  gamut  with  singular  facility.  "The  man  who  illumi- 
nated our  sarcophagus,"  writes  Mr.  Theodor  Eeinach,  "is  a  genuine 
colorist;  he  not  only  imitates  with  minute  accuracy  the  complicated 


'  Milchofer,  Gemalte  Grabstelen,  Athenische  Mittbeiluni^eii;  V,  1880. 

'It  has  been  reproduced  in  very  beautiful  heliogravures  with  ulithograpic  plate  in 
the  folio  Atlas  published  by  Hamdy-Bey  and  Theodor  Heinach :  Une  u6cropolo  royalo 
h  Sidon.    Paris,  Leroux,  1892. 
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patterns  of  Orieutal  staffs — the  tunics  and  their  solid  ground,  parpk, 
blue,  or  red,  embroidered  with  little  squares  or  oruamente<l  with  an  inser- 
tion of  a  different  color,  the  facing  contrasting  with  the  6lee\e8,the 
sleeves  with  the  mantles,  the  trousers  striped,  dotted,  or  dappled  some- 
times in  three  shades,  the  saddlecloths  with  their  brilliant  braids  and 
their  figured  embroideries — ^but  more  than  that,  he  excels  in  the  delicate 
art  to  please  the  eye  by  very  sharp  contrasts,  and  j^et  to  barmonize  the 
colors.-'^  Nor  is  polychromy  here  limited  to  the  clothes  and  their  acces- 
sories. The  heads,  with  their  brownish-red  hair,  the  eyes,  in  which  the 
iris  is  always  carefully  indicated  as  blue  or  brown,  have  a  marked  life 
like  expression.  The  head  of  Alexander  in  the  scene  from  the  lion  linnt 
is  worth  examining  as  proving  our  assertion;  his  eye,  fixed  u]>outhe 
animal  which  is  biting  the  chest  of  one  of  his  horses,  has  all  the  inteii 
sity,  all  the  energy  which  a  painter  could  have  wished  to  express  in  a 
painting.  Take,  moreover,  this  essential  fact  which  is  productive  of 
weighty  consequences.  The  difficult  question  of  coloringuncovered  parts 
is  made  quite  clear  by  positive  evidence.  The  bare  parts  were  covered 
up  "with  a  kind  of  light  and  transparent  rubbing  in  of  uniform  density, 
light  or  dark  yellow,  according  as  the  subject  was  a  Greek  or  a  barba- 
rian, without  any  effort  to  reproduce  the  varying  aspect  of  fleeb  and 
blood  by  a  variety  of  shades.  These  glazings  are  so  different  from  the 
even,  opaque,  and  consistent  tints  which  are  applied  to  parts  of  the 
drapery,  and  time  has  so  successfully  gnawed  away  the  fluid  veil  that  at 
first  sight  one  might  imagine  nothing  was  there  but  the  natural  marble^ 
gilt  by  the  years."  Tli  us,  about  the  year  320,  far  from  having  lost  ground, 
polychromy  had  rather  improved  and  ])rogressed,  and  if  new  evidence 
were  needed  to  prove  this,  abundance  of  it  would  be  found  in  the  other 
monuments  discovered  at  Sidou ;  the  painted  friezes  of  the  sa&xopliagns 
of  the  female  mourners  would  furnish  an  additional  argument.  All 
these  facts  combined  lead  us  to  the  conclusion  that  there  were  laws,  or, 
if  we  prefer  it,  established  customs,  that  regulated  polychrouiy  for  has 
reliefs.  In  the  first  place,  the  decorators  did  not  abandon  oparine  colors; 
on  the  contrary,  they  used  them  freely.  As  to  bare  parts,  they  solved 
the  problem  as  above  mentioned;  they  employ  for  them  a  colored  glM 
ing  that  is  transparent  and  allows  the  grain  of  the  marble  to  show,  while 
it  tempers  the  whiteness  which  they  thought  too  glaring.  Finally,  we 
<lo  not  notice  at  this  period,  more  than  at  any  more  remote  date,  any 
doubtful  tints,  nor  any  modeling  by  color.  It  is  the  prominent  parts 
of  the  bas-relief  alone  which  give  to  the  lights  their  effect  and  to  the 
shadows  their  intensity.  The  painter  Inis  nothing  to  do  with  modehn^s* 
he  only  colors  with  solid  tints  the  sculptured  surfaces  which  haive  in 
themselves  their  own  play  of  lights  and  shadows. 

Kelying  upon  such  very  precise  indications,  we  may  with  tolerable 
safety  turn  to  the  most  important  (question — the  painting  of  statues. 

'Tlio  Siflou    sarcophagi    in  the  Museum  at  Constantinople,  Gazette  deA  Beaox 
Arts,  1892. 
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Here  the  i)robleui  becomes  more  difficult.  We  have  to  deal  with  iso- 
lated works,  made  for  their  own  purposes  and  having  no  connection 
with  architecture.  The  question  mainly  concerns  plastic  creations, 
which  according  to  our  modern  ideas  require  nothing  but  form  in  order 
to  give  them  all  their  great  value  and  their  peculiar  accent.  It  has 
long  been  thought  that  the  chisel  of  Scopas  and  Praxiteles  gave  to 
the  marble  sufficient  life  to  convey  by  the  modeling  alone  the  i)assion- 
ate  outbursts  of  the  '^Maenade  with  the  Kid,"  or  the  perfect  beauty  of 
the  '^Cnidiau."  And  is  it  not  really  a  barbarous  idea  to  attempt  con- 
cealing, even  under  the  slightest  touch  of  coloring,  the  exquisite  deli- 
cacy of  the  marble  as  it  has  been  shaped  by  the  chisel  of  great  Greek 
masters  f 

We  would  not  dare  assert  that  the  polychromy  of  statues  has  been 
an  absolute,  inflexible  rule,  and  that  it  rigorously  bound  all  artists 
alike.  But  if  the  facts  are  conclusive,  we  must  needs  accept  it,  if  not 
as  a  law,  at  least  as  a  custom,  to  which  the  taste  of  antiquity  submitted 
gracefully.  Now,  we  find  at  the  very  outset  in  the  written  evidence 
many  reasons  to  overcome  our  doubts.  The  i>rincipal  texts  which  in 
any  way  allude  to  the  painting  of  statues  have  long  since  been  collected 
and  commented  upon,  and  we  ought  to  bear  in  mind  that  they  spread 
over  a  very  long  period,  from  the  fourth  century  before  our  era  to  a 
very  advanced  date  in  the  times  of  the  Emperors.^  Greek  statuary  is 
in  its  full  splendor  when  Plato  writes  as  follows:  "If  we  were  to  paint 
statues  and  some  one  were  to  come  and  object  that  we  do  not  employ 
the  most  beautiful  colors  for  the  most  beautiful  parts  of  the  body;  that, 
for  instance,  we  do  not  paint  the  eyes  vermilion,  but  black,  we  should 
think  we  had  answered  the  censor  very  well  by  saying  to  him :  ^  Do  not 
think  that  we  ought  to  paint  eyes  so  beautifully  that  they  cease  to  be 
eyes;  and  what  I  say  of  this  part  of  the  body  must  be  understood  of  the 
others  likewise.' "  Pliny  has  preserved  a  saying  attributed  to  Praxiteles 
and  evidently  taken  from  Greek  sources.  When  the  great  artist  was 
asked  which  of  his  marble  statues  he  valued  most  highly,  he  replied : 
"Those  which  have  been  in  the  hands  of  the  painter  !Nieias!"  And 
Pliny  adds :  '*  So  great  was  the  importance  which  he  attached  to  the 
work  (circumlitio)  of  Nicias!"  This  cooperation  of  painter  and  sculp- 
tor  ought  not  to  surprise  us;  we  meet  with  its  equivalent  in  the  days 
of  the  Italian  renaissance.  Thus  Lorenzo  di  Credi  and  Gosimo  Roselli 
painted  the  sculptures  of  Benedetto  da  Majano,'^  and  in  the  studio  of 
the  painter  Neri-Bicci  they  were  coloring  "plaster  or  marble  madon- 
nas, works  of  good  masters."^  Let  us  go  deeper  in  this  line  of  evi- 
dence.   Inscriptions  found  at  Delos  give  us  a  detailed  account  of  the 


'See  especiaHy  ChriBtian  Walz:  Ueber  die  Polychromie  dii  antikon  Skulptnr. 
Tfibingen,  1853,  and  BliimtDer:  Technologie  nnd  Teroiinologie  der  Gewerbe  und 
Kiinste,  III,  page  120  and  ff. 

^MAntz:  Histoire  de  Tart  pendant  la  Renaissance,  II,  page  462. 

'^Conrajod:  La  polychromie  dans  la  statnaire  da  moyeu  dge  et  de  la  renaissance. 
Extract  des  M^moires  de  la  Soci^t^  des  Antiquaires  de  France,  page  65. 
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liaymen  ts  uud  tbe  iu  ventories  draw  ii  up  by  the  admiiilstrators  of  the  tem- 
p1i!H  of  ]>elo».  UiiiJer  the  date  of  246,  mention  is  made  of  gold  leif 
bongbt  for  the  gilding  of  a  quiver;  this  is  »  marble  quiver  belonging 
to  a  statue  of  Artemis.  Klsewhere  we  And  a  salary  spoken  of  that  wu 
paid  to  a  painter  for  coloring  in  encaustics  a  statue  of  Aplirodite,  and 
fortlietiuishiug  touches  {X<yiT/if^(T(;)  given  to  another  statue  of  the  saDie 
goddess.'  This  is  an  industry  the  tradition  of  which  is  never  entirdy 
lost  ill  Greece.  After  the  Eoman  conquest  the  Greeks  kept  the  aeaet 
aud  came  and  priuticed  it  iu  Italy.  A  funeral  inscription  foimd  in 
Kouie  introduces  us  to  a  Greek  sculptor  who  is  otherwise  uukuovn, 
but  who  practices  the  profession  of  "  manufacturer  of  statues  anl 
painter  in  encaustics.'"  Sometimes  the  duty  of  coloring  the  marbles  is 
left  to  female  bauds,  as  we  learn  from  a  Pompeiian  fresco,  where  ■ 
woman  painter's  studio  is  shown;  we  see  her,  brush  iu  hand,  bosilf 
coloring  a  statue  of  J'riapus,  and  consulting  a  painted  sketch  that  i£ 
placed  before  her.^  In  the  second  century  of  our  era  the  best  connoift- 
scurs  in  matters  of  art  look  upon  polychromy  as  the  iiidi8i>ensable  com- 
XJemeut  of  suulpture.  We  all  know  the  dialogue  of  the  I'ortraita,  what 
Lucian  introduces  two  overrefined  amateurs,  Lykinus  and  Polystratos. 
In  order  to  realize  a  tyi)e  of  iwrfect  beauty,  the  two  men  borrow  from 
the  most  celebrated  Greek  statues  all  the  features  of  their  descriptioo: 
from  the  Cnidiau  of  Praxiteles  her  hair  and  her  brow;  from  the  Aphn>- 
dite  of  the  gardens  by  Alcamenes,  her  round  and  tapering  fingers ;  fn>iii 
the  Leiiinian  woman  by  Phidias  the  outlinosof  her  cheeks  and  the  oral 
of  her  face.  But  that  is  not  all.  Polystratos  calls  for  a  uew  elemeat 
of  beauty.  "What  is  itt  It  is  by  no  means  the  least  interesting,  m; 
dear  friend,  unless  the  tint  that  is  i>eculiar  to  every  part  appears  to 
you  of  no  iuiportance  in  point  of  beauty  -  -  -  onr  work  runs  great 
risk  to  sin  on  the  essentifil  point."  And  the  two  great  talkers  dividt 
out  among  the  most  illnetrions  painters  of  Greek  antiquity  the  dnty  of 
applying  such  an  ideal  iiolychromy.  We  understand,  of  course,  hoir 
Latiu  writers  make  likewise  very  jiointed  allusions  to  the  paiutjug  of 
statues,  how  a  Komau  i>oet,  the  author  of  an  epigram  on  a  marUt 
Daphne,  should  admire  both  the  skill  of  the  sculptor  and  the  skill  of 
the  painter,'  aud  how  another,  a  contemporary  of  Augustus,  should 
promise  Venus  that  he  wilt  dedicate  to  her  a  marble  Amor  with  vari- 
egated wings  and  a  painted  quiver: 

UariuorHUBi]Tie  tibi,  dea,  voTsicoloribns  »Ub 

III  morein  picta  stabit  Amor  pharetn." 

Every  mind  that  is  free  from  prejudice  must  needs  be  stmck  by  this 
unbroken  continuity  in  the  evidence.     Even  if  there  were  no  othtf 

'Homolle:  Bulletin  ilo  ciirrespoDdaDcu  hell^niqiie,  1890,  page  499. 
■Loewj:  Iiiec-hrirteii  Urti.'cliiBrher  Bildliniier,  No.  551. 

''MuBeo  Burbonico,  VII,  3.     Helbig,  Wand  gem  iildo  der  Stiidto  Campanieii*.  >'& 
1443.     Paul  t'iriird,  La  peintare  antiqne.  page  260. 
'  Antbologio  Intiue.  I,  page  223,  ed.  H.  Meyer. 
'In  the  collcctiuD  of  verena  attributed  to  A'irgjl.    I'atalecia,  VT. 
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proof,  it  must  be  admitted  that  the  castom  of  painting  statues  was  evi- 
dently not  a  passing  fashion,  and  that  it  survived  even  the  Eoman 
conquest.  But  the  written  texts  have  their  commentary  in  the  monu- 
ments. A  complete  examination  would  amount  to  a  catalogue  of  all 
the  works  on  which  traces  of  painting  have  been  discovered,  and  this 
simple  statement  of  facts  would  be  equivalent  to  a  conviction.  But  we 
can  not  think  of  undertaking  such  a  minute  investigation.  We  shall 
be  content  to  quote  some  examples  in  order  to  put  down  some  land- 
marks on  this  long  road  with  distant  perspectives  of  which  a  rapid 
survey  of  the  manuscripts  has  given  us  a  glimpse  at  least. 

Pliny's  anecdote  about  the  cooperation  of  Praxiteles  and  Nicias  has 
nothing  that  is  suspicious  about  it;  on  the  contrary,  the  discovery  of 
the  only  original  statue  by  this  great  Athenian  master  which  we  pos- 
sess, the  Hermes  of  Olympia,  invites  us  to  believe  that  it  is  true.  The 
reddish  brown,  traces  of  which  are  found  on  his  hair  and  on  the  san- 
dals, bears  witness  that  the  painter's  brush  has  put  the  final  touch  to 
the  sculptor's  work.  The  marbles  which  date  from  the  Hellenistic  epoch 
furnish  more  than  one  analogous  example.  An  Apollo  in  the  Museum 
at  Constantinople,  found  at  Cymae,  bears  on  his  shoulders  some  red 
drapery;  he  wears  ornamental  shoes,  on  which  traces  of  red,  blue,  and 
ocher  are  visible.  We  must  especially  mention  a  statuette  of  iEscu- 
lapius  in  Paros  marble,  found  on  the  Island  of  Cos  and  bought,  in  1892, 
for  the  Dresden  Museum.*  It  presents  the  curious  peculiarity  of  hav- 
ing not  only  been  painted,  but  actually  painted  over  again.  The  prim 
itive  color  of  the  cloak  had  been  a  rather  light  brick  red.  At  a  later 
date,  perhaps  upon  the  occasion  of  a  revision  of  all  the  offerings 
exposed  in  the  sanctuary  of  iEsculapius,  the  primitive  painting  has 
been  revised,  and  a  new  coloring  given  to  the  cloak.  This  time  a  rose 
tint  was  chosen.  It  has  often  been  asserted  that  the  Greek  terra  cot- 
tas  give  us  a  fairly  correct  idea  of  the  painting  of  statues,  and  that 
especially  the  small  Tanagra  figures,  with  their  delicate  coloring,  their 
flesh  clothed  in  a  very  pale  tint,  their  draperies  in  which  soft  and  very 
much  weakened  colors  combine,  a  delicate  pink,  blue,  or  violet,  and 
their  hair,  painted  reddish  brown,  might  present  to  us,  in  miniature, 
the  image  of  a  polychromatic  statue.  The  process  of  making  them 
renders  this  analogy  very  striking  indeed.  Before  proceeding  to  the 
coloring  of  the  little  figure,  the  manufacturer  plunges  it  into  a  bath  of 
whitewash  and  white  lead.  When  it  comes  forth  from  this,  immac- 
ulate under  its  slight  layer  of  white,  which  is  to  be  the  ground  work 
for  the  painting,  it  presents  very  nearly  the  appearance  of  a  small 
marble  statue,  ready  to  receive  its  final  dressing  at  the  hand  of  the 
painter.  And  will  not  the  artist  who  is  to  color  it  be  under  the  infiu- 
ence  of  the  usual  custom  in  coloring  large  statues!  The  recent  exca- 
vations carried  on  by  the  French  School  of  Atliens,  at  Delos,  furnish 
us  with  curious  information  on  that  question.    Amid  the  ruins  of  a 


1  Arch.  Anzeiger^  Jahrbach  des  arch.    Instituts,  VII,  1892,  page  159. 
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house  at  Delos,  Mr.  Coave  has  discovered  a  beautiful  statue  of  a  draped 
woman,  equal  in  i)oint  of  elegance  to  the  most  coquettish  of  the  little 
Tanagra  figures.  The  hair,  artistically  arranged  in  bandeaux,  displays 
a  brownish  red  tint;  this  is  exactly  the  type  of  the  dressing  of  the 
hair  and  of  its  color  which  we  find  in  terracotta  statuettes.  It  is,  more- 
over, the  conventional  color  chosen  by  the  manufacturers  of  such  ware 
to  reproduce,  as  nearly  as  can  be,  that  brilliant  golden  tinge  which  a 
Greek  traveler  admires  so  greatly  in  the  hair  of  Theban  women. 

Toward  the  middle  of  the  second  century  before  our  era,  Greek  art 
undergoes  a  kind  of  evolution,  which  is  often  called  a  renaissance. 
This  is  the  time  when  a  school  of  new  classics,  reacting  against  the 
tendencies  of  Alexandrian  ism,  resolutely  returns  to  the  traditions  of  the 
two  great  centuries,  when  able  sculptors,  like  Apollouius,  Glycon,  Cleo- 
menes,  put  their  names  to  a  torso  in  the  Vatican,  a  Hercules  Farnese, 
the  so-called  Germanicus  in  the  Louvre,  and  adopt  as  their  models  the 
works  of  the  fifth  and  fourth  centuries.  Greek  sculjitors  emigrate  and 
go  to  Italy.  To  satisfy  the  demands  of  their  Roman  patrons,  they  mnl 
tiply  copies  of  celebrated  statues.  The  villas,  the  palaces  of  rich 
Romans,  are  soon  full  of  marbles  carved  by  skillful  artists,  whose 
works  of  art  mostly  furnished  the  models  after  being  carried  away  oat 
of  Greece.  Did  polychromy  survive  these  new  conditions?  Will  it 
become  acclimatized  under  the  Italian  sky!  It  would  be  sti^ange  if  the 
taste  for  arclueologic  amateurship  and  the  erudite  curiosity  which  were 
aroused  in  Rome  should  not  have  become  a  guaranty  for  it«  vitality.  We 
do  not  see  that  it  suddenly  gives  way  to  monochromatic  sculpture.  Far 
from  it.  Instead  of  proscribing  the  union  between  sculpture  and  paint- 
ing, the  Italian  taste  eagerly  accepts  it.  It  is  the  time  of  the  Emperors 
that  produced  those  colored  marble  statues  of  green  basalt,  i>orphyrT, 
anticjue  red  (rosso  antico),  which  had  heretofore  been  x>6<^(iliAi^  ^ 
Egyptian  art.  The  employment  of  such  marbles,  imported  from  Xu- 
midia  or  Egypt,  is  favorable  to  the  development  of  a  very  special  kind 
of  polychromy  that  might  be  called  natural  polychromy.  It  produces 
those  statues  of  variegated  marble  which  cause  our  modern  taste  to 
hesitate,  and  which,  if  they  fail  to  secure  our  admiration,  at  least  excite 
our  curiosity. 

How  could  painting  by  the  side  of  a  statuary  art  so  daringly  manj- 
colored  fail  to  maintain  its  rights,  protected  as  they  were  by  old  tradi- 
tions and  by  the  prestige  of  Hellenic  art?  It  maintains  them  so  weD 
that  it  is  to  Graico-Roman  sculpture  we  owe  very  many  and  very  con- 
clusive specimens  of  colored  statues.  In  I8<S5,  there  was  found  in  Rome, 
on  the  ground  of  Sallust's  garden,  a  head  of  Athene,  which  evidently  is 
a  copy  of  the  Parthenos.'  The  painter  has  endeavored  to  keep  as  clo# 
to  his  model  as  he  can  and  give  to  his  work  the  appearance  of  a  chrys 
elephantine  statue.  While  the  flesh,  carefully  polished,  preserves  the 
clear  tint  of  the  marble,  the  yellow  color  of  the  helmet  represents  the 

>Antike  Denkmaler,  1886, 1,  PI.  III. 
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eflfect  of  gold.  Hair  and  eyebrows  red ;  the  iris  dark  brown,  suggests 
the  idea  that  the  painter,  unable  to  bring  out  all  the  shades  of  the 
various  kinds  of  gold  and  precious  stones,  has  employed  a  conventional 
coloring.  Many  will  say  this  is  a  copy  of  a  chryselephantine  Avork;  in 
other  words,  this  is  an  exceptional  case.  Let  us,  therefore,  examine 
other  works,  copies,  which  reveal  to  us  most  readily  the  originals  in 
marble.  In  the  British  Museum  there  is  a  precious  head  of  marble, 
carefully  protected  by  a  glass  case  against  atmospheric  infiuenctes.  It 
was  found  in  liome  in  1884,  and  no  doubt  belongs  to  a  statue  which 
once  adorned  the  gardens  of  the  Esquiline,  and  the  general  style,  the 
shape  of  the  coiffure,  betray  a  replica  of  a  (Ireek  original,  dating  from 
the  fourth  century.^  If  we  consider  the  light  yellow  shade  of  the  hair, 
the  rosy  flesh  tint  that  still  covers  the  brow,  the  cheeks,  and  the  neck, 
the  black  pupils  of  the  eyes,  we  can  not  hesitate  to  feel  that  the  copyist 
has  respected  the  polychromy  of  his  model.  Has  he  transferred  it  with 
all  desirable  delicacy!  That  is  another  question,  but  his  testimony  is 
too  valuable  for  us  to  blame  the  painter  for  having  shown  himself  a 
rather  poor  imitator  of  Nicias.  With  the  London  marble  we  must  again 
compare  a  head  of  a  goddess,  bought  in  1888  by  the  Dresden  Museum, 
whose  blonde  hair  is  confined  by  a  pink-colored  headband,  while  the 
lace  still  shows  evident  traces  of  having  been  treated  with  wax.'  Add 
to  this  a  curious  statuette  of  Aphrodite,  discovered  in  Pompeii  in  1873, 
very  cociuettish  under  her  orange-colored  cloak  with  its  grayish-blue  lin- 
ing and  white  border,  and  accompanied  by  a  little  archaic-looking  figure 
in  a  yellow  peplos  and  gxeen  chiton,^  and  you  will  have  a  proof  that 
the  polychromy  of  marble  is  still  very  much  to  the  taste  of  llomans  in 
the  first  century  of  our  era.  ^o  one  will  be  astonished  to  find  in  Pom- 
peiian  frescoes  reproductions  of  painted  statues  with  a  well-sustained 
peculiar  tint  for  the  fleshy  parts.  Is  this  nothing  more  than  a  conces- 
sion made  to  the  curiosity  of  amateurs  ?  Does  polychromy  remain  a 
kind  of  reward  for  amateurs,  and  is  it  excluded  from  official  statuary, 
which  multiplies  the  statues  of  emperors  and  great  personages?  Here, 
again,  we  might  have  ground  for  believing  the  contrary.  We  shall 
quote  but  one  very  striking  example.  The  statue  of  Augustus,  which 
was  found  in  Livy-s  villa,  on  the  Flaminian  road,  and  is  now  in  the 
Vatican,  is  well  known.*  The  Emperor,  in  military  costume,  seems  to 
be  addressing  his  troops.  It  is  an  admirable  work,  belonging  to  the 
first  years  of  our  era.    Now,  the  fragments  of  color  which  are  still  very 


•  It  has  been  reproduced  with  aU  its  colors  in  PI.  I  of  the  Jahrbiich  des  arch.  Insti- 
tutfl,  1889,  Vol.  IV.  The  plate  is  accompanied  by  a  very  learned  article  by  Mr.  G. 
Treu,  page  18. 

-It  is  pointed  out  by  Mr.  G.  Treu,  Arch.  Anzei)i;:er,  page  83,  Jahr)>uch  des  arch. 
Instituts,  1889. 

^Dilthey,  Arch.  Zeitung,  1881,  page  131,  PI.  VII. 

^Helbig,  Musce  d'archdologie  cla8si<|ue  do  Rome.  Transl.  by  Toutain.  I.  page  5, 
No.  25. 

sAnnali,  1863,  pages  450-452,  Monumenti  iuediti,  VI,  VII,  PI.  LXXXIV,  2. 
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apparent — a  bright-red  tunic,  a  dark-red  pallium,  armor  bordered  with 
yellow  fringes  and  ornamented  with  chiseled  relief,  set  off  with  car- 
mine, purple,  and  blue — all  give  us  the  idea  of  a  statue  ou  which  the 
richest  polychromy  has  been  lavished.  Before  we  lose  the  last  trace  of 
this  persistent  custom,  we  have  to  go  very  far  down  into  the  times  of 
the  Emperors.  A  statue  of  Faustine,  the  wife  of  Antonine  the  Pious, 
who  died  in  141,  shows  that  the  habit  of  gilding  the  hair  and  of  embel- 
lishing the  drapery  with  color  was  then  still  in  existence. 

IV. 

All  these  facts  are  sufficient,  it  seems  to  us,  to  prove  the  essential 
point;  to  show  how  unfounded  the  prejudice  is  whicU  for  a  long  time 
refused  to  believe  that  there  was  any  painted  statuary  in  Greece.    But 
they  do  not  yet  satisfy  our  curiosity;  we  should  like  to  know  a  great 
deal  more  about  it.    Instead  of  x)ainfully  searching  for  marbles,  scat- 
tered about  here  and  there,  that  have  faint  traces  of  half-effaced  color- 
ing, we  would  like  to  have  a  clear  and  complete  view  of  a  painted 
statue  in  all  the  freshness  of  its  polychromy,  and  to  know  accurately 
what  harmonies  a  master  like  Nicias  could  realize  by  adding  to  a  mar- 
ble carved  by  Praxiteles  the  charm  of  colors.    We  must  be  resigned: 
we  can  only  very  imperfectly  catch  a  glimpse,  as  it  were,  of  the  full  effect 
of  a  painted  statue.    In  order  to  conjure  up  at  least  a  faiut  image^  we 
should  have  to  give  up  mere  theories,  resort  to  practical  applications, 
and  try  to  re-create,  either  by  molding  or  by  a  copy  in  marble,  the  colors, 
as  we  restore  on  paper,  with  fragments  of  columns  and  capitals,  the 
order  of  a  Greek  temple.    This  is  not  a  dream  that  can  not  be  realized. 
Similar  efforts  have  been  made  from  time  to  time.    In  1885,  the  emiueut 
director  of  the  Albertinum  in  Dresden,  Mr.  Georg  Treu,  organized  in 
the  Berlin  National-Galerie  an  exhibition  of  polychromatic  statuary, 
belonging  to  all  countries  and  all  ages,  from  Egyptian  statues  in  lime- 
stone to  painted  marble  busts  and  friezes  in  majolica  by  contemporary 
artists.    By  the  side  of  a  painted  relief  in  wax  by  our  countryman,  Mr. 
Henry  Cros,  of  busts  in  wood  and  in  terra  cotta  or  in  marble,  coming 
from  Italian  and  Spanish  schools,  Greek  polychromy  was  represented 
by  moldings,  which  reproduced  the  colors  of  the  originals,  or  by  res- 
torations, such  as  a  grand  draped  statue  from  Herculaueum,  painted 
in  wax  by  Mr.  Ludwig  Otto.*     More  recently,  investigations  carried 
on  by  Mr.  Georg  Treu  in  antique  polychromy,  have  resulted  in  Dresden 
in  still  otlier  efforts,  which  deserve  most  careful  attention.    Mr.  Tren 
has  been  kind  enough  to  send  me  notes  on  the  subject,  full  of  details? 
and  accompanied  by  photographs  of  moldings  after  the  antique,  col 
ored  by  Mr.  J.  E.  Sattler;   the  Satyr  leaning  on  his  elbows,  in  the 
Capitol,  has  been  restored  with  all  the  tints  of  gold  and  of  ivorv  of  a 


'AiiHstellung  farblger  und  gctonter  Bildwerke  in  der  National-Galerie  zn  Berlin- 
Berlin,  1885. 


POLYCHROMY   IN   GREEK   STATUARY.  619 

chryselephantine  statue.  The  head  of  the  Ludovisi  Medusa,  with  its 
mass  of  dark  hair  and  the  flesh  tint  that  covers  the  face,  stands  out  from  ; 
its  blue  ground  like  a  painted  stucco  of  the  Kenaissance.  Similar  efiorts 
have  been  made  in  America.  In  Boston  an  archaeologist,  Mr.  Robinson, 
and  a  sculptor,  Mr.  J.  Lindon  Smith,  combined  their  efforts  to  restore 
the  polychromy  of  the  Hermes  of  Praxiteles  and  the  Venus  genitrix  of 
the  Louvre.*  It  is  not  for  us,  at  such  a  distance,  to  judge  of  the  value 
of  such  restorations;  at  all  events,  they  do  this  at  least,  they  cause  a 
problem,  which  is  still  much  studied,  to  enter  into  an  entirely  new 
phase.  Mere  theories  are  now  followed  by  practical  experiments  and  by 
applications  of  theories,  which  may  furnish  interesting  subjects  for  dis- 
cussion. In  fact,  words  alone  will  never  express  what  is  so  eminently 
subtle — so  very  fleeting;  we  mean  depths  of  color,  harmonies  of  shades, 
transparencies  playing  on  the  ground  color  of  the  marble.  To  do  the 
best  we  can,  we  shall  at  least  endeavor  to  sum  up  our  conclusions;  and 
in  order  to  choose  an  example  that  may  render  them  more  precise,  we 
will  inquire  what  may  have  been  the  polychromy  of  a  statue  such  as 
the  Hermes  of  Praxiteles? 

In  the  condition  in  which  it  has  reached  us  the  statue  presents  only 
faint  traces  of  having  been  painted.  If  we  forget  the  mutilations  and 
stains  which  disfigure  it,  it  therefore  looks  to  us  as  it  appeared  to  the 
eye  after  the  sculptor  had  given  it  the  final  touch.  Now,  the  very 
nature  of  the  process  seems  to  point  out  in  advance  the  field  that  was 
left  to  polychromy.  Certain  parts  are  reserved  for  those  simple  trans- 
parent "rubbings"  which  the  "Sarcophagus  of  Alexander"  has  taught 
us  to  know,  other  parts  will  receive  a  coloring  of  greater  solidity.  The 
work  on  the  face  and  on  the  body,  carried  on  with  exquisite,  almost 
caressing  delicacy,  and  reaching  the  very  daintiest  shades,  is  such  as 
to  exclude  any  thought  of  opaque  coloring  which  would  cause  this 
matchless  flower  of  the  modeled  form  to  disappear;  the  brush  is  bound 
to  respect  these  fleshy  parts  which  the  file  of  the  sculptor  has  so  lov- 
ingly polished.  On  the  other  hand,  the  hair  is  treated  with  much  free- 
dom, without  what  is  sometimes  called  virtuosity.  The  drapery  thrown 
upon  the  trunk  of  a  tree  hangs  there  in  broken  folds,  cross  lines  which 
by  contrast  bring  out  more  forcibly  yet  the  effect  of  the  uncovered 
parts  where  the  light  is  playing  upon  surfaces  that  melt  into  each  other 
most  harmoniously.  Here,  therefore,  we  may  look  for  opaque  colors. 
As  for  the  hair,  we  need  not  hesitate.  The  reddish  brown  that  painters 
of  statues  affect  so  much  is  again  apparent.  The  draperies  of  the 
Hermes  and  the  little  Dionysius  will,  of  course,  be  blue  or  red,  but  we 
may  certainly  assume,  without  venturing  too  far,  that  in  a  work  of  the 
fourth  century  the  draperies  will  be  painted.  Tbe  stela?  of  Athens 
justify  the  presumption,  and  we  might,  moreover,  invoke  the  testimony 
of  a  statuette  of  Artemis,  found  in  Cyprus,  a  very  carefully  flnished 


'E.  Robinson.    The  Hermes  of  Praxiteles  and  the  Venus  genitrix.    Experiments 
in  restoring  the  color  of  Greek  sculpture,  by  Joseph  Lindon  Smith.     Boston,  1892. 
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copy  of  an  Attic  orij^nal,  of  a  date  jmor  to  that  of  tlic  Hermes.  The 
chit4)n  is  purjjle,  tlie  mantle  green  witb  a  violet  border,  and  the  parts 
reserved  for  the  painter  have  on  puri)osebeen  left  a  little  rough,  in  con- 
trast with  the  fleshy  parts,  which  are  most  carefully  iK)lished.*  Let  us 
complete  the  renewal  of  the  painting  of  the  accessories,  and  restore 
the  gilding  of  the  sandals,  and  we  shall  have  an  idea  of  a  somewhat 
somber  i>olychromy  wliich,  moreover,  covers  only  a  small  jjart  of  the 
statue. 

If  we  examine  the  details  more  carefully,  the  painting  of  the  head 
suggests  some  thoughts  deserving  our  attention.  Where  did  the  red- 
dish brown  of  the  hair  stop  ?  In  the  Hermes,  as  in  several  other  statues 
by  Praxiteles,  the  line  of  the  hair  on  the  brow  is  managed  by  a  kind  of 
l)lastic  transition,  by  softened  surfaces  which  the  painter  can  not  cut 
off  brutally.  We  do  not  find  here,  as  in  archaic  heads,  that  the  sculp- 
tor's chisel  has  been  at  work  abruptly  cutting  off  the  hair  on  the  fore- 
head and  on  the  temples.  The  Roman  copyists  have  instinctively  felt 
the  difficulty.  In  this  point  of  view  the  female  head  of  the  Dresden 
Museum,  which  we  mentioned  above,  is  peculiarly  interesting.  The 
local  tint  of  the  hair  is  yellow;  the  curls  are  each  marked  off  by  dark- 
brown  lines,  which  follow  the  outlines,  and  finally  expire,  so  to  say,  on 
the  forehead,  forming  thus  at  the  root  of  the  hair  a  kind  of  transparent 
fringe.  No  doubt  a  Nicias  would  have  known  how  to  solve  that  proh 
lem  by  simpler  means,  by  a  softening  down  of  the  tint,  skillfully  man 
aged.  But  that  is  a  question  which  practiced  experiments  alone  can 
answer  satisfactorily. 

Were  the  eyes  painted!  If  we  had  no  other  testimony  to  consult 
but  Plato's,  we  should  not  hesitate  to  think  so.  Our  impression  would 
be  confirmed  by  literary  statements  relative  to  the  Venus  of  Cniduss 
Could  we  understand  that  *'  hurried  look,"  of  which  Lncian  speaks,  if 
the  question  was  only  of  eyes  without  color  and  without  life,  such  as 
we  are  accustomed  to  see  in  modern  statuary!  But  we  know  that  the 
custom  of  animating  the  look  of  statues  by  means  of  color  is  to  a  cer- 
tain extent  traditional  in  Greek  statuary.  Enameled  eyes,  inserted 
between  the  eyelids,  sometimes  set  skillfully  between  two  leaflets  of 
bronze,  the  beard-like  edges  of  which  imitate  the  hair  of  the  eyelids, 
are  details  which  are  more  than  once  met  with  in  archaic  works.*  A 
study  of  the  technique  of  eyes  in  Greek  statues  led  Mr.  Conze  to  Ae 
conclusion  that  even  in  the  best  years  of  the  art,  the  painting  of  the 
eyes  is  the  rule. '    The  custom  of  hollowing  out  the  pupil  so  as  to  give 

'The  statue  lias  been  published  by  Mr.  K.  von  Schneider,  Jahrbuch  der  kimsthi^ 
Sanimlun^en  dcs  Kaisorhaunes  in  Wien,  \\  Pis.  I-II,  page  1  et  seq. 

'Lechat,  Bulhtiu  de  correspoudnnce  heHonique,  1890,  page  361.  Ballom,  Zeit- 
schrift  lur  bihloiide  Kniist,  1893,  pajres  261-267.  The  Dresden  Musenin  poasesses  vi 
eye  of  a  statue  which  is  inserted  in  a  bronze  egjijshell,  and  in  which  the  colors »f 
tlie  iris  and  of  tbt^  pupil  are  reprcvsented  by  marbles  of  different  colors.  (Arck. 
Anzeiger.  18N9,  p.  102.) 

''Conze:    Ui'ber    Darstellnng    des    menslichen   Anges  in    der  antiken  Sculptar 
(Comptes  rendus  de  I'Acadoinie  de  Berlin,  1892.  p.  47.) 
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more  intensity  to  the  look  is  not  anterior  to  the  time  of  Hadrian,  and 
this  is  a  proof  that  polychromy  is  now  beginning  to  abdicate.  Tliere 
can  be  no  doubt  that  here,  more  than  elsewhere,  the  individual  senti- 
ment of  the  painter  found  an  opportunity  to  assert  itself.  An  art  as 
refined  as  that  of  the  fourth  century  must  have  been  more  or  less 
exacting,  and  if  we  look  at  statues  like  those  of  Praxiteles  we  become 
aware  that  the  very  structure  of  the  eye,  slightly  veiled  beneath  the 
lid,  warned  the  painter  not  to  fall  into  brutal  realism.  In  order  to 
solve  the  diflSculty,  we  may  have  to  go  back  to  the  many  colored  head 
of  the  British  Muvseum,  in  which  the  upper  eyelid,  cutting  the  circle  of 
the  apple  of  the  eye,  strangely  softens  the  expression  of  the  eye.  But 
can  we  ever  divine  what  charm  the  coworker  of  Praxiteles,  so  renowned 
for  his  women's  portraits,  may  have  succeeded  in  giving  to  the  look  of 
a  marble  Aphrodite? 

Still,  an  objection  presents  itself  here.  We  have  before  us  the  mod- 
eling of  the  hair,  the  eyes,  no  doubt  also  that  of  the  lips,  improved  by 
colors  applied  with  more  or  less  delicacy,  but  always  consistent  enough 
to  contrast  with  the  tint  of  the  marble,  which  is  left  untouched  for  all 
the  bare  parts.  Is  this  not  a  shocking  contrast?  Will  not  the  colors 
stand  out  with  a  certain  crudeness?  And  do  not  the  laws  of  harmony 
which  the  eye  of  a  Greek  perceives  with  such  rare  accuracy,  impose 
upon  the  artist  the  duty  of  softening  these  violent  contrasts,  of  sub- 
duing somewhat  the  too  striking  whiteness  of  the  marble  and  to  change 
it  to  a  warmer  scheme  of  colors?  Here  we  come  to  a  question  that  has 
been  much  discussed — the  coloring  of  naked  parts.  Whether  we  admit 
it  or  not — and  opinions  are  divided  on  this  subject — one  fact  remains 
certain,  the  statue  underwent  a  kind  of  treatment  which  restored  the 
harmony  between  the  parts  that  had  been  painted  and  those  that  the 
painter's  brush  had  not  yet  touched.  Thanks  to  written  testimony,  we 
know  the  details  of  this  operation  perfectly  well.  According  to  what 
Vitruvius  says,  it  is  the  same  which  painters  in  encaustics  practiced  in 
order  to  give  greater  brilliancy  to  their  painting,  very  much  as  we  var- 
nish a  picture:  "When  the  wall  has  been  well  polished  and  is  very 
dry,  we  apply  with  a  brush,  made  of  pigs'  bristles,  a  layer  of  Punic 
wax,  melted  before  the  fire  and  mixed  with  a  little  oil ;  then  we  heat  the 
wall  by  means  of  charcoal  kept  in  a  chafing  dish,  until  the  wax  melts 
and  enters  into  the  painting.  Finally,  the  whole  is  rubbed  with  wax 
and  clean  linen,  as  we  do  with  marble  statues  that  are  waxed."  This 
is  the  operation  which  the  Greeks  call  yavoocris.^  Other  texts  confirm 
the  testimony  of  Vitruvius.  The  inventories  of  the  temples  of  Delos 
allude  to  the  Ko(r^rfCfi<;  of  statues  of  Artemisia  and  Hera:  This  is  an 
operation  resembling  the  ydvojffi?^  and  consists  in  "spreading over  the 
surface  a  coating  to  make  it  even,  to  polish  it,  to  render  it  shining,  or  to 
color  it,*  or  to  wash  it  with  certain  substances  which  give  it  brilliancy 

^This  question  is  well  treated  by  Henry  Gros  and  Charles  Henry  in  L'Encaustique 
et  les  aatres  procM^s  chez  lea  Anciens.    Paris :  Librairie  de  TArt,  18H4. 
'Homolle;  Bulletin  de  correspondance  hell^^nicjue,  XIV,  181)0,  page  4y7. 
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and  preserve  it  altogether."  The  accounts  of  expenses  ennmerate  all 
the  objects  and  ingredients  that  were  employed — sponges ;  niter,  doabt- 
less  for  the  washing  of  the  statnes  and  freeing  it  from  dast  when  the 
question  arose  of  refreshing  the  colors;  white,  carefdlly  purified  oil, 
wax,  a  stuff  made  of  flax;  finally  a  rose  perfume,  a  very  natural 
refinement  when  the  marble  represents  <'a  statue  that  is  to  be  wor- 
shiped and  placed  in  a  sanctuary."  This  operation  was  often  repeated, 
and  the  duty  of  presiding  at  it  devolved  upon  the  officials  of  the  tem- 
ple. An  inscription  on  the  Ptoion  has  preserved  for  us  a  statement  of 
accounts  made  by  one  of  the  administrators  of  the  temple  of  Aik>11o; 
it  mentions,  among  others,  a  sum  spent  for  the  keeping  of  the  stataes 
and  the  removal  of  the  ydvaxri?.^  It  was  still  in  use  in  the  Roman 
period.  Plutarch  speaks  of  artists  in  marble  who  repair  broken  parts 
and  restore  them;  he  also  mentions  this  fact  that  the  first  act  of  the 
censors,  when  they  entered  upon  their  duties,  was  to  adjudge  to  the 
lowest  bidder  the  feeding  of  the  sacred  geese  on  the  capitol  and  the 
yavctxTis  of  the  statue  of  Jupiter  Capitolinus,  because  ^'the  vermihon 
with  which  it  had  been  the  custom  to  coat  the  old  statues  very  quickly 
underwent  a  change." 

Thus  very  clear  statements  in  writing  justify  us  in  supposing  that 
this  restoration  was  a  treatment  with  wax,  a  transparent  rubbing  m, 
which  protects  the  painted  parts  and  the  gildings,  giving  to  the  naked 
parts  a  soft  sheen,  a  brightness  resembling  that  of  ivory,  and  satisfy- 
ing the  eye  by  softening  too  striking  contrasts,  while  presenting  to  the 
sight  nothing  but  skillfully  managed  transitions.  But  is  the  resalt 
really  secured  if  the  whole  is  nothing  but  a  treatment  without  colors! 
The  purified  wax,  of  which  Vitruvius  speaks,  the  <*  white  oil"  which 
the  inscriptions  of  Delos  mention,  can  hardly  have  any  coloring  virtue, 
nor  will  they  suffice  to  give  warmth  to  the  tone  of  the  marble.  This 
question  also  has  been  much  discussed,  and  two  suggestions  have  been 
made  that  are  still  open :  Either,  owing  to  a  special  preparation,  the 
wax  was  giving  a  kind  of  yellowish  tonality  to  the  marble,  or  it  was 
applied  upon  a  very  slight  glazing,  doing  the  duty  of  coloring  matter. 
This  latter  hyix)the8is  has  been  advocated  by  Mr.  G.  Treu,*  and  it  must 
be  admitted  that  it  rests  upon  facts.  The  head  in  the  British  Museum 
lets  us  perceive  a  colored  glazing  beneath  the  treatment  with  wax,  and 
this  is  therefore  the  proper  place  to  recall  that  transparent  rubbing  in. 
which  was  observed  upon  the  clouds  on  the  <^  Sarcophagus  of  Alexan 
der."  It  is,  of  course,  easily  understood  that  in  most  instances  so  Yer>* 
slight  a  glazing  should  have  left  no  traces,  and  that  Greek  marbles 
show  us  only  vestiges  of  opaque  tones  that  have  greater  consisteuej. 
The  restoration  of  so  fragile,  so  fugitive  a  coloring  remains  a  matter  of 

>  Bulletin  de  correspond ance  hell<^nique,  1890,  page  185.     Article  by  Mr.  Holleanx. 

'^Treu:  Sollen  wir  unsere  Statiien  bemalen  ?  and  Jahrbncb  des  arcb.  Institute. 
IV,  1880,  page  18,  and  ft*.  Mr.  Paul  Girard  a^lopts  the  same  opinion  in  the  cfaaptri 
>^'bich  be  devoteH  to  polycbromy  in  La  Peinture  antique,  page  283. 
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personal  feeling.  But  we  will  never  believe  that  the  Greeks  should  at 
any  time  have  sought  to  produce  by  such  means  the  illusion  of  reality, 
and  to  represent  actual  flesh  tints.  We  can  readily  imagine  that  a 
slight,  very  transparent  rubbing  in  was  given  to  the  body  of  the 
Hermes,  which  allowed  the  grain  of  the  marble  to  be  discerned,  and 
had  no  other  object  but  to  lend  to  the  naked  parts  a  warm  and  uniform 
tonality. 

The  ideal  restoration  which  we  have  thus  sketched  will  enable  us  to 
conclude  in  a  few  words.  A  writer  who  severely  condemns  the  princi- 
ple of  polychromy,  "the  offspring  of  a  savage  instinct,"  quotes  on  this 
subject  the  following  lines  written  by  Diderot:  ''What  would  be  the 
effect  of  the  most  truthful  and  tlie  most  beautiful  coloring  upon  a 
painted  statue  f  Bad,  I  think." '  We  do  not  contradict  this.  Besides — 
and  we  think  we  have  made  this  sufficiently  clear — this  kind  of  poly- 
chromy is  not  at  all  in  question.  Among  the  Greeks,  painting  a  statue 
was  the  result  of  a  principle  exactly  opposite.  Greek  polychromy  is, 
above  all,  conventional^  it  has  never  abandoned  that  character.  We 
find  it,  at  the  very  beginning,  carry  the  principle  of  liberty  within  con- 
ventionality so  far  as  to  disregard  the  simplest  probabilities  purposely 
to  limit  the  choice  of  colors  and  to  make  itself  supple  enough,  far  enough 
from  all  realistic  imitation,  to  yield  without  scruples  to  the  exactions  of 
monumental  polychromy.  At  a  later  period,  when  art  had  progressed, 
far  from  claiming  to  have  conquered,  it  knows  how  to  respect  the  noble 
material  which  artists  use  for  their  purposes,  to  play  a  subordinate 
part  to  sculpture  and  to  lend  it  very  discreet  assistance.  Its  part  to 
play  is  not,  as  has  been  said,  to  "attempt  an  impossible  fraud,"  but  to 
enhance  the  charms  of  a  perfect  form,  which  remains  the  mistress  and 
the  sovereign.  For  the  same  reason,  it  must  always  be  a  very  delicate 
art,  all  in  dainty  tints,  hostile  to  violent  exaggerations,  and  well  able 
to  resist  the  temptations  of  realistic  art.  Now,  when  we  admire  the 
marvels  produced  by  industrial  art  in  Greece,  the  delicate  coloring  of 
the  little  figures  (figurines)  of  terra  cotta,  the  strikingly  pure  poly- 
chromy of  ceramics  with  their  white  ground,  we  must  highly  honor  the 
painters  of  statues.  We  do  not  exactly  know  what  a  work  may  have 
been  in  which  a  Praxiteles  and  a  Nicias  cotnbined  their  efforts,  but  we 
do  know  that  it  required  all  the  exquisite  taste  and  all  the  science  of  a 
great  master  to  realize  in  the  Tanagra  of  our  Luxemburg  Museum  the 
harmonious  alliance  of  form  and  of  color. 


'  Churles  Blanc.     La  Grammaire  des  arts  dii  dessin,  page  432. 
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ILLUSTRATED  BY  AMERICAN  EXAMPLES.^ 


By  J.  W.  Powell. 


Ladies  and  Gentlemen:  I  shall  endeavor  to  explain  to  you  the 
effect  of  environment  on  man.  I  shall  try  to  demonstrate  that  prima- 
rily the  environment  has  little  effect  on  the  physical  man — that  the 
principal  effect,  though  not  the  whole  of  it,  is  on  his  mind.  I  wish  to 
demonstrate  to  you  that  human  evolution  is  intellectual  evolution,  in 
which  it  greatly  differs  from  animal  evolution.  The  neglect  of  this 
characteristic  has  come  to  us  from  the  too  exclusive  study  of  the  lower 
animals,  so  that  the  terms  of  evolution  have  been  misapplied  tf)  man. 
I  shall  attempt  to  explain  to  you  that  human  evolution  is  the  evolution 
not  of  kinds  of  men,  but  of  grades  of  men.  The  oak  is  a  different 
kind  of  tree  from  the  beech ;  the  acorn,  the  plantlet,  and  the  old  oak 
are  grades  of  the  same  thing.  Now,  clearly  understand  me  when  I 
speak  of  kinds  and  grades.  Human  evolution  is  serial  evolution;  it  is 
evolution  producing  grades;  animal  evolution  is  primarily  differential 
evolution  producing  kinds,  while  secondarily  it  produces  grades.  The 
laws  of  evolution  do  not  produce  kinds  of  men,  but  grades  of  men ;  and 
human  evolution  is  intellectual,  not  physical.  There  are  some  slight 
exceptions  to  this,  and  in  the  early  history  of  mankind  some  important 
exceptions;  but  gradually,  as  society  advances,  evolution  into  kinds  is 
replaced  by  evolution  into  grades.  Now,  the  effect  of  environment  is 
only  one  of  the  factors  of  evolution,  there  being  three :  One  is  heredity, 
another  is  self-activity,  and  the  last  is  environment;  and  we  are  to 

'Saturday  lectare  in  Assemblj''  Hall  of  the  nnit«<l  States  Xatlonal  Mnaeum.  April  25,  1890. 
The  Saturday  lectures,  corapUmentary  to  the  citizens  of  WashingtoD,  were  con- 
tinued during  the  season.of  1896,  under  the  auspices  of  the  Joint  Commission  of  the 
Scientific*  Societies  of  Washington,  with  the  special  cor)peration  of  the  Biological 
and  Anthropological  Societies. 

The  addresses  were  delivered  in  the  lecture  hall  of  the  National  Museum,  4.20  to 
5.30  p.  m.,  on  the  dates  specified;  several  were  illustrated  by  maps  and  diagrams, 
specimens,  etc.  The  citizens  of  Washington  and  their  friends  were  cordially  invited 
to  attend,  and  the  attendance  was  good,  the  hall  being  always  filled  and  sometimes 
crowded. 

The  series  of  lectures  for  1896  was  arranged  with  the  view  of  illustrating  the  rela- 
tions of  life  to  environment,  especially  on  the  American  Coutiuent.     Two  courses 
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discuss  eujiecially  tlib  aftenioim  tliu  eSert  of  fiivirouuieiit  whicli 
produces  kinds  of  aiiiiiials  but  grades  of  men. 

Wc  will  consider,  then,  the  eftect  of  an  an;tic  tempeniture  on  aitimaU 
and  men.  The  fishes  of  an  arctic  climate  acquire  blubber  an<l  us<'  it  as 
a  fuel  in  organic  combustion.  Many  of  the  animals  of  the  land  ;md 
air  do  the  same;  some  develop  hair,  or  wool,  as  a  protection  fn>m  the 
storms;  birds  develop  down.  Whatelt'ect  will  that  arctic  climate  have 
uponmant  He  does  not  develop  blubber  like  thewbale;  he  does  not 
develop  wool  like  the  ancient  elephant;  he  does  not  deveIoi>  down  lite 
the  eider  duck.  What  effect  has  the  environment  upon  himf  The 
effect  is  to  stimulate  his  mental  activities.  lie  invents  a  house  ami 
builds  it  of  blocks  of  ice.  Then  he  invents  tire  and  with  it  a  lamp  in 
which  to  bum  the  oil  derived  from  the  blubber  of  animals.  Then  lin 
invents  clothing  and  utilizes  the  fiirs  of  animals  and  the  down  of  birds, 

were  proTid['<l,  the  liret  ]>ertniniiig  I'hietly  lo  vegt^tal  ami  aQiniiil  life,  tlie  necouilta 
hiiiuan  life  in  its  relutioiis  to  lower  or);;iniitm8,  an  well  as  to  tho  iiiorgaiiii'  \tiit1iI. 
Specinl  topics  uiul  Itctiirers  were  soaeiecteit  hb  to  jiTeaeiit  t.vpical  nspt-irtfl  of  tliis  era- 
ernl  subjei^t  in  tbt)  light  of  the  Intest  reHearchcs,  each  leotnrer  being  n  recogniud 
niithortty  in  his  line  of  stud]'. 

KoQi  of  tlie  lectures  in  the  first  I'ourae  were  already  preparetl  for  ilclivcTj  or  priol- 
ing,  and  were  arrnugeil  in  aiich  order  iw  tn  form  an  intriKluction  l<>  the  geiierul  ob- 
ject of  enviroumotital  relatiuus;  tbo  addreoe  on  the  peTsiHtenro  of  funclinaleM 
BtructnreB  tvnft  specially  prepared  for  t1)e  course,  liiit  the  copy  M-as  not  coinplelrd 
when  the  antlinr  waa  called  to  Alaiika.  ' 

Tbu  loctnies  const  i  to  ting  the  8econ<l  ooiirsii  were  specially  prepared  by  the  rrapM- 
tlve  lecturers. 

The  courses  for  the  senAoii  were  as  follows : 


/iaturdtiji,  March  J?/.— The  Battle  of  tlio  Forest  {illustratMl).     B.  K.  Pfniotr. 

Saturday,  March  ?>',— Hie  Adaptation  of  Plants  to  the  Doaert  (iUnatrated).  V.V. 
Gov  ill  0. 

Salarilas,  April  J.— Tho  Spread  of  the  Rabbit  (with  illustratious  of  rabbit  drivroi. 
T.  S.  Palmer. 

Salvrdas,  Ajiril  11. — Inuect  Mimicry  (illustrated).     L.  O.  Howard, 

Saliirdag,  April  IS. — Tho  Persistence  of  Fnnctioiilesa  Stmctures.     F.  A.  !.nca». 


Saturday,  April  ?.i. — Relation  of  Primitive  Peoples  to  I'invironment.  Illiistrntnl  l>y 
American  Examples.    J.  W.  Powell. 

Saturday,  May  „=.~Tlie   Dependence  of  ludnstrial   Arts  on  F.avironment.    O.  T. 

Saturday,  May  9, — The  .lapanese  Nation — A  Typical  Prodnct  of  Environment.  On- 
diner  G.  Hnbbard. 

Saturday,  May  li:.~Tb«  Tiisajnn  Ritnnl:   A  Study  of  the  iDllnence  of  EDTiroo- 
ment  on  Alioriginal  Cntts.     .1.  Walter  FewkcH, 

Saturday,  Mas  ^'S.— The  Rt^lations  lletween  Institutions  and  Environment.    VTJ 
MoGee, 

W  .1  Mc(iKK, 
ti.  Browk  Goovk. 
J.  Stanlky-Brown, 
C0m«jf((V  o/  Joint  Commiiiion  en  Satmrdag  Leriwrm.   . 
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and  instead  of  the  environment  aflfectiug  him  he  changes  the  environ- 
ment. The  whole  process  is  reversed.  The  environment  now  becomes 
the  creature  of  the  man.  He  dresses  in  skins  or  in  feathers,  or  in 
some  other  manner  protects  himself  from  cold.  He  builds  his  house 
and  warms  it,  and  that  leads  him  to  a  multiplicity  of  other  inventions. 
The  whole  effect  of  environment  is  to  develop  him  intellectually,  not 
physically. 

Now,  let  us  see  the  effect  of  environment  in  another  region,  another 
climate,  and  under  other  conditions.  In  temperate  climes  there  are 
trees ;  he  can  not  build  of  ice,  for  ice  melts ;  so  he  builds  homes  of  trees, 
of  the  slabs  of  trees,  of  young  trees  and  of  boughs;  he  weaves  mats 
with  which  to  cover  his  house,  or  he  covers  it  with  earth  or  leaves,  as 
the  environment  suggests.  He  exercises  his  ingenuity  in  the  devising 
of  a  habitation,  and  all  the  utensils  of  his  home  and  the  implements 
useful  in  his  domestic  life;  thus  he  controls  and  becomes  the  creator  of 
his  environment  instead  of  permitting  his  environment  to  change  his 
physical  constitution.  He  uses  his  intellect,  and  instead  of  merely 
developing  as  an  animal  would  develop  under  those  circumstances — 
herding  on  the  plain,  wandering  in  the  forest — and  changing  his 
environment  from  one  condition  to  another,  he  modifies  and  changes 
it.  Human  evolution  thus,  in  so  far  as  it  is  affected  by  environment  in 
middle  latitudes,  is  evolution  of  mind ;  it  is  not  evolution  of  kinds  of 
men,  but  of  grades  of  mind. 

A  little  farther  south  we  come  to  an  arid  land  where  trees  and  other 
vegetation  is  scant,  and  where  the  rocks  lie  in  profusion  over  the  sur- 
face of  the  earth.  Here  man  is  thrown  under  another  environment. 
The  plant  in  an  arid  climate  develops  a  bark  or  a  skin  which  is  covered 
with  glaze,  so  that  the  water  does  not  evaporate;  then  it  provides 
organs  by  which  water  when  it  comes  is  stored  within  the  plant,  and  a 
method  by  which  this  can  be  utilized  when  rain  does  not  <'ome.  Life 
may  be  held  in  abeyance;  the  plant  may  sleep  or  partially  sleep  during 
the  arid  time,  living  only  on  stored  water.  It  provides  itself  also  with 
protecting  organs  to  preserve  it  from  destruction.  In  all  of  the  arid 
lands  plants  are  found  to  have  a  singular  armature  of  spines  and 
thorns  and  serrate  edges,  with  which  to  save  themselves  from  being 
devoured  by  animals.  The  animals  also  develop  in  a  peculiar  way. 
They  not  only  have  horns  and  spines,  but  several  of  them  develop 
poisons,  like  that  of  the  rattlesnake  and  of  other  reptiles  and  insects 
found  in  arid  lauds.  But  the  effect  upon  man  is  altogether  different; 
man  does  not  develop  poisons  or  horns,  or  a  skin  which  can  not  per- 
spire. He  is  not  physically  changed  by  reason  of  the  arid  climate;  his 
organs  as  such  are  not  greatly  modified;  there  is  no  differential  evolu- 
tion in  the  man.  The  man  now  invents  a  house.  Let  us  see  how  he 
does  it.  He  takes  these  rocks  that  he  finds  scattered  all  over  the  land 
and  builds  him  a  house,  perhaps  under  the  cliff's  where  it  will  be 
shaded.    He  develops  a  great  variety  of  houses,  all  adapted  to  the 
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conditions  of  the  environment.  Thus  that  environment  afiects  his 
ingenuity — his  intellectual  powers;  it  makes  grades  of  men,  but  does 
not  make  kinds  of  men.  If  ho  is  in  a  region  of  volcaoi<5  rock,  he  takes 
the  caves  which  are  found,  walls  them  in  and  makes  houses.  If  he  is 
in  the  region  of  overhanging  clift's,  he  puts  outer  walls  in  front  of  tlie^ 
cliffs  and  thus  builds  houses.  If  he  finds  tufaceous  rocks,  lie  excavates 
the  tufa  and  cuts  out  cavate  chambers  within  the  tufa  and  he  has  a 
home.  If  he  is  in  a  region  where  stones  can  be  pileil  up  into  walls,  he 
builds  pueblos  with  houses  of  stone  walls.  Now,  he  does  not  develop  a 
l)oison  as  does  the  reptile  and  as  does  the  insect,  but  lie  iuv^ents  a  dab, 
a  bow  and  an  arrow,  and  tinally,  as  he  goes  on  through  civilization,  he 
invents  flrearms  and  all  the  wonderful  appliances  of  war  and  fortifica- 
tion. In  the  progress  of  this  development  his  mind  is  expandcnl.  hot 
the  poor  man  himself  as  a  physical  being  is  one  of  the  most  helpless 
of  creatures. 

Let  me  call  your  attention  to  one  more  region  of  country.  In  south- 
ern Florida,  along  the  shores  of  Yucatan  and  around  the  Gulf  of  3Iexioo 
and  on  the  islands  of  the  Caribbean,  another  set  of  habitations  is  dis- 
covered. Often  the  coral  islands  were  used  as  the  homes  of  the  people 
of  these  lands.  The  coral  islands,  as  they  are  found  in  nature,  are 
swept  by  high  tides,  while  in  low  tides  they  are  uncovered.  Such  a 
tide-swept  island  was  selected  as  a  home  and  protected  from  the  tides 
by  low  walls  built  around  its  margin.  Through  this  wall  the  builders 
left  a  number  of  openings  to  the  sea,  the  strait,  or  the  lagoon.  Then 
they  dug  canals  from  the  wall  into  the  central  portion  of  the  island, 
throwing  the  material  up  into  ridges  and  providing  many  little  canals 
and  water  courts,  something  like  those  of  Venice.  Into  the  water  of  the 
courts  they  drove  palmetto  logs  as  piles,  and  on  these  x>iles  erected 
their  houses.  Then  they  could  come  from  the  strait  into  the  center  of 
the  island  with  their  boats  and  climb  into  their  houses  by  ladders. 
These  homes  are  found  in  vast  numbers  where  coral  islands  have  been 
utilized. 

The  animal  develops  long  legs  to  walk  in  the  water  or  webbed  feet  by 
which  it  can  swim  or  gains  a  sac  like  the  pelican  in  which  it  can 
store  its  food;  but  the  environment  has  a  different  eftect  on  man.  It 
does  not  make  different  kinds,  but  different  grades  of  men.  The  wolf 
by  fighting  gains  long  tusks.  The  rattlesnake  by  fighting  [stains  i>oison. 
In  all  of  the  animal  world  contest  effects  a  change  in  the  physical  con- 
stitution of  the  animal,  but  in  human  evolution  contest,  warfare,  attack, 
and  defense  is  by  means  of  stratagem,  and  implements  and  devices  are 
invented.  Human  evolution  is  always  intellectual  evolution,  audit  is 
never  to  any  important  extent  physical.  It  is  the  evolution  of  theorgan 
of  mind — the  brain.  The  advancement  of  man  is  serial  instead  of  dif- 
ferential. Instead  of  affecting  his  body,  the  environment  furnishes  a 
subject  about  which  he  may  think,  and  in  this  thinking  and  planning 
and  inventing  the  man  develops  intellectually. 
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I  wish  to  show  just  how  evohition  affects  the  haman  mind,  and  in 
order  to  do  it  I  must  explain  to  you  that  man  develops  in  qualities,  and 
only  in  grades  of  qualities.  The  difference  which  exists  between  man 
and  man  is  not  a  question  of  properties,  but  only  a  question  of  quali- 
ties. If  I  make  that  clear  to  you,  then  I  will  make  you  understand  what 
human  evolution  is. 

Now,  there  are  five  properties  of  natural  bodies.  Bodies  have  num- 
ber, bodies  have  extension,  bodies  have  motion,  bodies  have  duration, 
and  animate  bodies  have  judgment.  But  there  is  a  difference  between 
properties  and  qualities. 

We  set  on  a  table  a  dozen  Jipples  in  a  tray.  There  are  twenty  men  at 
the  table.  The  number  is  a  property  of  the  apples.  Here  are  twelve 
apples  and  twenty  men  sitting  at  the  table.  Twelve  apples  are  few  for 
twenty  men.  Suppose  they  are  all  taken  by  one  man ;  the  same  twelve 
apples  are  many  for  that  one  man,  few  for  many  men.  Many  and  few 
are  qualities  of  things,  and  those  qualities  of  things  are  always  con- 
sidered in  relation  to  the  purpose  to  which  they  are  put.  The  twelve 
apples  do  not  change  as  properties;  the  apples  are  the  same  in  both 
cases;  but  instantaneously,  according  to  the  point  of  view,  the  many 
may  become  few  and  the  few  many.  Thus,  there  are  properties  and 
qualities  of  number. 

There  are  properties  of  extension  or  form ;  out  of  them  are  developed 
qmilities  of  form.  Here  is  a  razor;  it  is  sharp;  the  sharpness  is  a  prop- 
erty of  its  form.  A  man  shaves  with  this  razor,  and  its  quality  is  good 
for  this  purpose  because  it  is  sharp ;  another  man  seizes  the  razor  to  cut 
a  throat;  the  quality  now  becomes  horrible.  Quality  becomes  good  or 
evil  in  the  purpose  for  which  it  is  used.  But  there  is  no  good  or  evil  in 
the  form  itself.  We  do  not  blame  the  razor  for  being  sharp,  but  we  blame 
the  intention  of  the  man  who  uses  it  for  the  bad  purpose. 

Here  is  a  car  going  by  which  has  motion;  that  is  a  property.  The 
car  is  fast;  the  electric  car  especially  fast  if  you  compare  it  with  a 
horse  car,  but  if  you  compare  it  with  a  railroad  car  its  motion  is  slow; 
it  depends  upon  the  point  of  view  whether  its  motion  be  fast  or  slow. 
Now,  fall  across  the  track  and  see  it  approach;  it  seems  to  come  with  a 
horrible  velocity.  You  are  in  a  hurry  to  go  some  place  and  you  think 
the  car  is  slow.  The  child  at  play  thinks  that  time  is  swift;  the  old 
man  weary  with  years  thinks  as  he  waits  idly  that  the  hour  is  very 
long.  Whether  the  time  is  minutes  or  hours  is  a  property ;  but  whether 
it  shall  be  long  or  short  in  our  ideas  is  a  quality. 

In  the  same  manner  judgments  may  be  good  or  evil;  judgments  by 
themselves  as  properties  are  correct  or  incorrect,  but  as  qualities  they 
are  good  or  evil.  Now,  w^e  have  five  kinds  of  properties  and  five  kinds 
of  qualities,  and,  curiously  enough,  properties  of  number  develop  into 
qualities  of  pleasure,  properties  of  form  develop  into  qualities  of  wel 
fare,  properties  of  force  or  motion  develop  into  qualiHes  of  justice  or 
Injustice — qualities  of  conduct.     Properties  of  duration  develop  into 
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qualities  of  wisdom,  and  properties  of  judgment  develop  into  qualities 
of  speech.  There  are  five  kinds  of  qualities  in  the  world — qualities  of 
pleasure,  qualities  of  welfare,  qualities  of  conduct,  qualities  of  o]nnioD, 
qualities  of  language;  and  this  fact  expresses  the  sum  total  of  hnmaD 
activities. 

The  relations  of  properties  are  numbers  developed  by  relations  into 
kinds,  or  extensions  developed  by  relations  into   forms,  or  modoos 
developed  by  relations  into  forces,  or  durations  developed  by  relations 
into  times,  or  judgments  developed  by  relations  into  ideas.     Then,  all  of 
these  properties  are  still  further  developed  into  qualities  by  their  espe- 
cial relations  to  human  purposes;  these  qualities  are  arts,  industries, 
institutions,  opinions,  and  languages.    It  may  be  useful  for  us  to  illas- 
trate  and  enforce  the  distinction  between  properties    and   qualities. 
Here  is  a  mussel  shell  from  the  Ohio  River.      On  the  inside  you  see  it 
has  a  beautiful  nacre ;  hence  it  ha«  color,  which  is  a  property,  and  it  has 
beauty,  which  is  a  quality.    The  Indians  once  used  these  shells,  cnttiiig 
them  into  beads,  and  for  this  purpose  they  are  beautiful;  beauty  is  a 
quality.    You  see  also  that  it  has  a  form  which  is  derived  from  it^  plan 
of  extension,  and  it  forms  a  cup.    This  form  is  a  proi)erty;  but  the  same 
Indians  who  used  the  shells  for  beads  also  used  them  for  cups;  as  a  cap 
it  becomes  useful,  and  usefulness  is  a  quality.    They  also  used  this 
same  shell  as  a  knife  or  as  a  scraper,  for  it  has  a  sharp  edge,  and  c:id 
be  used  as  a  tool  with  which  to  cut  or  scrai)e,  the  force  being  derived 
from  motion.    Thus  it  has  force  in  weight,  strength,  etc.,  which  are 
properties.    Again,  it  is  advantageous  to  use  the  shell  or  scraper 
rather  than  many  other  things;  for  exami)le,  rather  than  a  round  stone 
or  rather  than  a  piece  of  wood.    Thus  advantage  is  a  quality.    Bnt 
this  same  shell  has  duration;  it  will  last  long  if  buried  in  water  or 
earth;  it  will  last  longer  if  it  is  kept  in  a  dry  place.     This  duration  u^ 
a  property,  but  if  it  is  used  as  a  knife  for  a  purpose  it  will  wear  away 
more  slowly  than  a  stick  or  many  other  things  that  might  be  used  as  a 
knife  or  scraper;  its  endurance  is  a  quality. 

We  have  taken  natural  and  inanimate  objects  for  illustration,  and 
found  the  four  properties  and  four  qualities;  let  us  now  take  an  arti- 
ficial but  inanimsite  object  and  see  what  we  will  find.  Here  is  a  pocket- 
knife;  the  handle  is  white,  the  blades  are  steel  color;  these  are  proper 
ties;  but  it  is  a  beautiful  knife  by  reason  of  its  pure  white  handle  and 
its  rustless  blades;  it  is  therefore  beautiful,  which  is  a  quality.  It  has 
a  form  as  a  knife,  and  its  blades  are  sharp  because  of  their  form.  The 
form  in  the  handle  and  the  blades  is  a  property,  but  the  handle  is  use- 
ful and  so  wrought  that  it  can  be  easily  grasped  and  the  blades  are  so 
sharp  that  they  will  cut.  Here  the  handle  and  the  blades  become  use- 
ful, which  is  a  quality.  It  is  a  good  knife  for  the  purpose  for  which  it 
is  intended,  as  a  pocketknife,  but  it  would  be  a  bad  knife  for  the  sur- 
geon; in  the  form  of  a  scalpel  it  would  be  good  for  his  purpose.  The 
knife  is  a  good  instrument  for  cutting  a  small  bough,  a  bad  instmmeot 
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for  felling  a  tree,  (xoodiiess  and  badness  are  qualities.  Again,  the 
handle  and  blades  of  the  knife  have  strength  and  other  properties  of 
force  5  but  the  same  properties  are  also  qualities,  for  the  knife  is  good  by 
reason  of  these  properties  for  the  purpose  for  which  it  is  intended,  but 
as  a  lever  for  rolling  a  stone  it  is  bad.  The  knife  has  duration,  which 
is  a  property,  but  it  will  endure  for  a  longer  or  shorter  time,  depending 
uT)on  the  way  in  which  it  is  used  and  the  manner  of  its  constructiou. 
This  endurance  for  a  purpose  is  a  quality.  N'ow  we  see  that  the  handle 
of  the  knife  has  a  rounded  form  with  its  edges  beveled  off,  and  the 
blade  has  one  sharp  edge,  which  is  made  so  by  grinding  it;  and  more 
than  that,  the  blade  will  close  into  the  handle  or  open  from  the  handle. 
Notice  the  handle  of  the  knife  carefully  and  you  will  see  many  charac- 
teristics that  prove  that  it  was  wrought  for  a  purpose;  it  therefore 
shows  design.  It  expresses  the  judgment  of  the  maker  who  manufac- 
tured it  for  a  purpose.  Thus  we  see  pleasure  in  the  knife  in  its  beauty, 
welfare  in  the  knife  in  its  use,  conduct  in  the  knife  when  it  is  used  to 
cut  a  i)encil  or  cut  a  throat,  wisdom  in  the  knife  in  the  way  in  which  it 
is  made.  In  all  its  properties  and  qualities  it  expresses  these  ideas, 
for  it  expresses  the  language  of  inanimate  nature. 

Let  us  contemplate  a  beautiful  maiden  with  bright  eyes,  rosy  cheeks, 
and  lithe  form.  She  is  one  individual;  she  has  two  eyes  and  two 
cheeks  and  many  organs,  and  she  is  of  another  kind  even  than  a  bird. 
The  hairs  of  her  head,  the  eyes  that  sparkle,  the  cheeks  that  glow,  and 
the  lithe  ligure  all  have  forms.  She  is  a  body  of  activities  in  all  her 
members,  and  all  of  these  are  forces  derived  from  motion.  The  maiden 
herself  and  all  her  organs  have  duration ;  she  is  a  bundle  of  durations; 
but  every  moment  of  her  life  she  is  forming  judgments  by  seeing,  hear- 
ing, touching,  tasting,  smelling,  and  through  her  senses  and  all  her 
mental  powers  acquiring  knowledge,  and  her  mind  is  a  multiplicity  of 
thoughts.  These  numbers  or  kinds,  these  extensions  or  forms,  these 
durations  or  times,  and  these  judgments  or  ideas  are  properties,  but 
they  may  be  all  transformed  into  qualities  by  the  mind.  All  of  the 
multiplicity  of  properties  may  be  transformed  into  qualities  by  the 
mind  in  our  contemplation.  One  person  would  think  the  eyes  beauti- 
ful, depending  on  experience,  habit,  or  idea  of  the  beautiful  and  ugly; 
another  might  be  impressed  by  the  complexion,  according  to  the  opin- 
ions with  which  the  contemplating  mind  is  endowed.  A  book  might 
be  written  on  all  of  these  properties  and  their  mutation  into  (^  liilities. 

The  purposes  for  which  men  strive  are  pleasure,  welfare,  justice,  wis- 
dom, and  expression.  The  activities  which  they  develop  for  these  pur- 
poses are  arts,  industries,  institutions,  learning,  and  language.  In 
these  p'urix)ses  and  activities  qualities  are  involved,  and  qualities  are 
good  or  bad  by  reason  of  the  purposes.  Things  do  not  have  qualities 
in  themselves,  but  only  as  they  relate  to  purposes. 

All  men  have  pleasures,  some  more,  some  less;  all  men  have  welfare, 
some  more,  some  less;  all  men  have  justice,  some  more,  some  lea&*^  i&\L 
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men  have  wisdom,  some  more,  some  less;  all  meu  have  expression, 
some  more,  some  less.  If  they  have  no  si)eech  of  any  kiDil,  oral  or  si^ 
language,  or  something  or  other,  they  have  no  opiuions,  they  have  no 
knowledge,  they  do  not  exercise  conduct,  they  have  no  welfare,  they 
have  no  pleasure.    Now,  then,  let  us  look  once  more  at  these  qualities. 

I  think  I  have  made  clear  to  you  the  difference  between  properties 
and  qualities.    But  let  me  emphasize  it  a  little  more.     I  go  on  the 
street;  I  see  a  man  rudely  push  another;  I  judge  of  his  condact  and  I 
am  indignant;  but  the  next  moment  I  see  that  the  man  pushed  was 
about  to  fall  into  a  pit,  and  the  other  pushed  him  aside  to  save  him. 
and  so  the  quality  of  the  action  changes  in  my  mind.     Thus  it  is  xwssi- 
ble  to  change  instantaneously  our  judgment  of  qualities,  which  always 
depends  on  the  point  of  view.    Properties  are  inherent  in  things  them- 
selves, and  you  can  not  change  properties  without  chan|i:ing  the  things 
themselves,  but  if  you  change  the  properties  you  change  the  qnaUties. 
If  there  are  twenty  men  at  the  table  and  there  are  twelve  ai>ples,  and 
if  I  change  the  number  to  twenty,  few  becomes  plenty,  but  the  plenty 
for  the  table  is  still  few  for  a  cargo.     Now,  all  human  activities  are 
employed  in  change  of  properties  of  things  for  the  purpose  of  changing 
their  qualities.    Hence,  we  are  interested  in  the  properties  of  things  in 
order  that  we  may  improve  their  qualities.    It  is  by  these  activities 
that  men  are  so  broadly  differentiated — that  there  is  such  a  wide  gap 
between  the  lower  animals  and  man.    Man  is  slightly  differentiated 
from  the  beast  in  his  physical  characteristics;  still  he  is  much  like  the 
monkey.    He  is  broadly  differentiated  from  the  monkey  by  his  intellect, 
which  has  been  developed  through  his  art^,  industries,  institutions, 
opinions,  and  language.    In  man  there  still  exists  a  relic  of  his  animal 
stage,  for  there  are  varieties  of  men,  though  not  sx>ecies.     Men  differ 
from  one  another.    Some  are  dwarfs  and  others  are  giants,  and  there 
seem  to  be  large  and  small  races.    Some  men  have  long  heads,  others 
short  heads,  and  there  seem  to  be  races  that  are  more  or  less  distinctive 
in  the  form  of  their  crania.     Some  men  are  white,  some  yellow,  and 
some  black;  some  men  have  horizontal  eyes  and  others  oblique  eyes; 
some  men  have  straight  and  others  curly  hair,  and  yet  in  their  charac- 
teristics are  they  varied.    But  these  variations  were  mainly  developed 
during  the  animal  stage.     Since  they  have  become  men  these  physical 
characteristics  have  been  undergoing  a  process  of  obliteration,  by  rea- 
son of  the  admixture  of  streams  of  blood.    Yon  may  find  the  white 
man  and  the  black  man,  but  there  are  many  others;    there  are  all 
grades  between  them.     So  you  may  find  long  heads  and  short  heads, 
and  there  are  all  grades  between  them,  and  there  are  no  hard  and  fast 
lines  of  distinction.    Human  evolution  has  wiped  out  the  distinction. 

In  the  consideration  of  human  evolution  primarily  and  fundamentallj 
we  must  consider  intellectual  evolution.  It  is  in  vain  that  we  study 
skulls,  it  is  idle  to  study  the  color  of  the  skin,  it  is  folly  to  study  the 
structure  of  the  hair,  it  is  inane  to  study  the  attitude  of  the  eyes,  for 
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inau  is  more  than  the  animal ;  his  distinction  is  discovered  in  his  intel- 
lect. To  study  men,  therefore,  we  have  to  study  mind,  and  to  study 
human  evolution  we  are  compelled  to  study  the  develoi)ment  of  the 
mind.  All  other  questions,  though  important  in  considering  man  as  an 
animal,  are  trivial  when  considering  man  as  distinguished  from  the  lower 
animal.  How  shall  we  study  the  mind!  By  studying  the  things  which 
the  mind  produces  through  the  agency  of  man's  physical  attributes. 
We  are  compelled  to  study  the  mind  through  a  study  of  the  pleasures 
which  the  mind  has  discovered  and  invented,  through  a  study  of  the 
industries  which  mind  has  discovered  and  invented,  through  a  study  of 
the  institutions  wiiich  mind  has  discovered  and  invented,  and  through 
a  study  of  the  languages  which  the  mind  has  discovered  and  invented. 
A  Wiseman  has  said  that  the  proper  study  of  mankind  is  man,  and  man, 
above  all  other  things,  is  mind;  the  proper  study  of  mankind,  then,  is 
mind  as  it  is  exhibited  in  the  five  great  classes  of  activities. 

Let  us  once  more  consider  these  activities  of  culture.  Animal  pleas- 
ures are  chiefly  physical,  though  they  would  have  no  existence  were  the 
animals  destitute  of  mind.  They  live  to  eat  and  drink,  and  they  love 
the  sports  in  which  they  engage.  The  activities  of  animals  that  depend 
upon  flight  for  existence  are  changed  into  sports,  and  so  lambs  skip,  so 
the  kittens  play  at  catching  mice,  so  iiuppies  play  in  mimic  battles,  so 
children  play  in  imitation  of  their  elders.  The  skipping  of  the  child 
becomes  an  organized  dance;  the  flight  of  the  child  becomes  an  organized 
ra<5e;  the  battle  of  the  child  becomes  a  game  of  ball;  but  these  sim- 
ple, childish  pleasures  develop  into  a  vast  system  of  pleasures.  Man 
enhances  his  pleasures  of  food  by  the  invention  of  condiments,  his 
pleasures  in  the  objects  by  which  he  is  surrounded  by  the  development 
of  decoration,  and  the  pleasures  he  takes  in  his  daily  li  fe  by  the  develop- 
ment of  comforts,  for  he  invents  a  chair  upon  which  he  sits,  and  a  bed 
upon  which  he  lies.  His  j)leasures  are  still  further  evolved  into  the 
fine  arts  of  music,  sculpture,  painting,  poetry,  dramatic  representation? 
story,  and  religion.  This  is  human  evolution  as  distinct  from  animal 
evolution. 

The  industries  of  animals  are  emi)loyed  in  seeking  and  seizing  food, 
in  locomotion  while  passing  from  one  environment  to  another  to  obtain 
food,  shelter,  and  climate.  But  man  soon  learns  to  seek  sustenance  by 
cultivating  food;  to  some  extent  he  still  seizes  the  natural  food  on  the 
land,  in  the  water,  and  in  the  air  as  an  animal;  but  as  man,  he  develops 
new  sources  of  food  by  cultivating  the  soil  and  by  domesticating  ani- 
mals, and  thus  results  a  multitude  of  food  products.  Instead  of  seek- 
ing tbe  cave,  or  retiring  to  the  deep  water,  or  fiying  to  a  more  genial 
climate  when  the  seasons  change,  he  invents  a  habitation  and  a  vast 
multitude  of  utensils  for  his  home  and  implements  for  his  labor,  and 
thus  creates  a  supply  which  he  does  not  find  in  nature.  All  this  is  a 
development  of  intellect  and  a  modification  of  environment. 

The  animals  control  one  another  and  engage  in  attack  and  defevNSfc^ 
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aud  in  his  mauner  develop  n  vast  multiplicity  of  organs  and  devices; 
80  tlicy  Lave  bonis  and  tusks  and  lioofs  and  claws  for  attack,  and 
scales  and  hair  and  thick  skin  and  tleet  legs  and  swift  wings  for  defense. 
Man  also  develops  implements  and  agencies  for  attack  and  defense; 
clubs,  bowH  and  arrows,  gnns,  ammunition,  fortifications,  and  all  of  the 
devices  of  warfare.  More  than  that,  and  chiefly,  be  develops  institu- 
tions, laws  as  rules  of  conduct,  and  sanctions  to  enforce  tbese  laws,  aud 
appoints  officers  of  the  law  to  see  them  execnted.  Thus,  in  modern 
society  we  find  avast  system  of  institutions  ramified  in  many  direc- 
tions and  affecting  all  the  conduct  of  all  mankind.  Human  evolution 
isevolution  iu  institutions;  and  warfare  still  exists  as  a  relic  dcveloiied 
from  the  auimal  condition. 

Animals  have  opinions,  but  their  opinions  are  mainly  about  i>h>'sii'al 
things,  and  probably  about  very  simple  questions;  human  opiniooE 
immeasurably  transcend  animal  opinions.  Man's  opinioiiK  about  Uiese 
things  are  evolved  by  a  self-recognized  endeavor  to  learn  by  observing 
the  phenomena  of  objects  in  nature,  comparing  and  discriminating  and 
classifying  them  by  the  aid  of  language.  He  invents  a  multitude  uf 
methods  of  experimentation  and  verification  by  which  he  may  gsin 
certitudes.  Further  than  that,  he  has  opinions  about  pleasures  whicb 
the  auimal  can  not  enjoy;  he  has  opinions  about  iodnstrics  whith  tbe 
animal  can  not  practice;  he  has  opinions  about  institutions  whii'h 
theanimals  can  not  organize;  ho  has  opinions  about  opinions  which  tbe 
animal  does  not  entertain,  and,  finally,  he  has  opinions  about  laugua^ 
which  the  animals  do  not  understand. 

The  lower  animals  express  themselves  to  one  another  in  all  their 
characteristics;  there  is  thus  a  natural  language,  and  they  utilize  this 
natural  language  in  a  general  sign  lauguago  of  designed  expression. 
From  this  sigu  language,  conscious  of  self  and  self- activities,  the  ani- 
mal learns  much  of  the  euviroinnent;  he  knows  his  home  and  where 
his  food  is  found  and  where  safety  may  be  sought,  and  a  vast  multitude 
of  thiugs,  all  learned  l>y  this  crude  sigu  language.  But  man  proc6e>l« 
furthei',  and  develoi>s  oral  speech  by  a  process  of  increments  of  iuveo- 
fion;  theu  he  symbolizes  oral  speech  with  written  speet^h.  and  f*r 
excels  the  animal  in  the  expression  of  his  opinions,  and  this  is  a  char 
acteristic  which  most  clearly  differentiates  him  from  the  lower  auimiL 
We  may  im^K-rfectly  distinguish  man  from  animal  by  considering  his 
physical  constitution  r  but  when  we  desire  perfectly  to  distinguish  him. 
we  are  comi>eIled  to  consider  his  arts,  his  industries,  his  institutJoiui, 
his  opinions,  and  his  language. 

One  potent  environment  has  been  purjKwely  neglected  in  the  pre- 
vious stiitements.  This  is  the  social  environment.  We  have  seen  ihat 
the  physical  envii-onment  has  some  slight  effect  ui>on  the  physical  uiui 
and  an  indirect  though  profound  effect  upon  his  mind.  Xow,  the  social 
effect  is  dire<^t,  and  th  is  phase  of  the  isubject  must  be  clearly  extwnuileil. 
The  pleasures  of  the  child  are  almost  wholly  social  pleasures — pleasure^ 
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in  which  others  cooperate  aud  share.  The  game  of  "ring  around  a 
rosy ''  is  a  game  for  many ;  the  game  of  ball  is  a  game  for  many.  In 
the  pleasure  of  all  decorations  the  many  take  part.  In  the  fine  arts, 
music  is  music  for  many,  sculpture  is  sculpture  for  many,  painting  is 
painting  for  many,  poetry  is  poetry  for  many,  histrionic  art  is  play  for 
many,  story  is  story  for  many,  religion  is  worship  for  many.  These  are 
all  for  one,  but  at  some  time  they  are  all  for  many.  The  one  in  the 
family  develops  through  the  agency  of  every  member  of  the  family,  the 
one  in  the  tribe  develops  in  all  of  these  activities  through  the  agency 
of  the  whole  tribe,  the  one  in  the  state  develops  through  the  agency  of 
the  state,  the  one  in  the  world  develops  through  the  agency  of  the 
whole  social  world ;  so  culture  passes  from  parent  to  child,  and  from 
child  to  child,  and  from  tribe  to  tribe,  and  from  nation  to  nation, 
spreading  throughout  the  world.  All  culture  has  a  i)ersonal  factor,  but 
it  is  only  one  of  its  factors  which  are  multitudes  in  family,  tribe,  nation, 
and  world.  The  development  of  mind  by  social  environment  can  be 
illustrated  by  all  of  the  activities  of  culture.  Arts  spread  from  land 
to  land  and  modify  one  another,  industries  spread  from  land  to  land 
and  modify  one  another,  opinions  spread  from  land  to  land  and  modify 
one  another,  and,  finally,  languages  spread  from  land  to  land  and  mod- 
ify one  another.  The  way  in  which  this  is  accomplished  can  be  well 
illustrated  by  a  consideration  of  languages,  and  the  whole' subject  can 
thus  be  made  plain. 

There  are  many  languages  yet  spoken  in  the  world,  but  it  is  probable 
that  a  far  greater  number  have  been  lost.  It  seems  that  man,  in  evolv- 
ing from  the  animal  state  into  the  human  state,  developed  a  language 
within  every  little  kinship  tribe.  As  time  went  on  primordial  kinship 
gnroups  were  consolidated  into  larger  and  still  larger  tribes  and  finally 
into  nations.  With  this  change  came  a  change  in  language;  two  pri- 
mordial groups  of  primitive  tribes  uniting  to  form  one  compounded  their 
languages.  In  the  same  manner  any  number  of  tribes  might  combine  and 
their  languages  compound.  This  process  resulted  in  the  integration  or 
unification  of  languages.  When  the  united  people  separated,  and  one 
portion  or  the  other  migrated,  gradually  both  of  these  divisions  would 
associate  with  and  become  organized  into  tribes  with  other  tribes  speak- 
ing other  languages.  In  this  manner  two  distinct  languages  might  be 
formed  differing  more  or  less  from  one  another,  because  each  great  tribe 
was  constitnted  of  diflFering  primordial  tribal  elements.  Now,  this 
would  result  in  two  languages  only  in  part  alike. 

In  time  tribes  come  together  and  in  time  tribes  separate;  nations 
come  together  and  nations  separate,  and  the  process  of  admixture  of 
streams  of  blood  result^)  in  an  admixture  of  languages,  so  that  at  the 
present  time  in  the  study  of  one  language  we  always  discover  two 
or  more  primeval  languages,  and  the  greater  the  culture  the  greater 
the  number  of  primeval  languages  of  which  the  given  language  is  com- 
IN>unded.    The  Zuiii  compose  a  little  tribe  in  Arizona,  only  a  few 
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buDdred  people  speak  the  langaage,  bat  it  is  uot  a  primordial  tribe  nor 
has  it  a  ])riniordial  language;  at  least  two  and  probably  several  other 
primordial  languages  have  been  united  to  constitute  the  Zuui  language. 
The  English  language  is  composed  of  hundreds,  perhaps  tbousandSf  of 
different  languages:  we  know  not  how  many.   The  Oermaii  language  is 
also  composed  of  many  primordial  languages,  but  some  of  these  lan- 
guages are  common  to  the  English  and  to  the  German  speaking  i)eople. 
The  primary  difference  between  the  English  and  the  German  depends 
upon  the  elements  of  primordial  languages  of  which  they  are  composed 
and  of  the  proportion  of  these  languages  which  they  have  absorbed. 
All  of  the  languages  of  the  world  that  have  been  studied  are  found 
thus  composite  and  to  differ  from  one  another  in  kinds  chiefly  becaase 
of  the  different  elementary  languages  of  which  they  are  composed.  If 
a  people  divide  and  separate  into  two  or  more  distinct  regions  their  lan- 
guages scarcely  change,  they  may  be  preserved  and  remain  intelligible 
to  all  for  hundreds  or  even  thousands  of  years ;  but  if  two  people  divide^ 
one  going  to  one  region  and  another  to  a  different  one,  and  in  these 
regions  mix  with  other  tribes  having  other  languages,  compound  lan- 
guages will  develop  and  will  soon  become  barbaric  or  nonintelligible  to 
each  other.    Now,  the  i)oint  which  we  wish  to  make  is  this,  that*  by 
the  effect  of  social  environment  kinds  of  languages  are  integrated,  the 
total  number  gradually  diminishing.   The  rate  at  which  these  languages 
diminish  in  number  steadily  increases  with  the  progress  of  culture-  It 
is  probable  that  in  America  there  were  more  than  a  thousand  distinct 
languages  when  Columbus  discovered  the  land,  and  these  languages 
were  so  different  that  they  could  not  be  understood  outside  of  the  peo- 
ple to  whom  they  belonged.    With  the  progress  of  culture,  many  of 
these  languages  have  been  exterminated,  and  all  are  in  rapid  process 
of  extermination.   In  a  century  or  two  they  will  all  be  lost.    The  invad- 
ing people  greatly  outnumber  the  original  inhabitants,  and  because  tliey 
are  dominating  and  controlling  in  culture  the  languages  of  these  invad- 
ing peoples  will  prevail,  yet  many  words  from  the  Indian  tongues  mil 
be  absorbed  into  the  English,  the  German,  the  French,  and  the  Span 
ish  by  the  invader.   While  these  Indian  languages  are  still  sx>oken.  tber 
are  rapidly  undergoing  change,  acquiring  new  terms  and  new  gram 
matic  forms  by  reason  of  the  social  environment  to  which  the  tribes  are 
subjected,  that  is,  by  acculturation.    Thus  it  is  that  languages  chiellj 
develop  by  acculturation  or  social  environment.    The  great  fact  never 
to  be  forgotten  in  the  study  and  grouping  of  languages  may  be  expres^^ 
as  follows:  LaHguages  hare  not  (Uffef'entiated  from  one  primordial l^^^ 
gnage,  hut  have  integrated  from  inriumerahle  primordial  languages.    One 
of  the  principal  differences  between  these  primordial  languages  seent* 
to  have  been  in  phonics ;  warm  climates  tended  to  produce  vocalic  word& 
cold  climates  consonantal  words;  but  this  distinction  becomes obscni<^ 
with  the  progress  of  culture.     Yet  still  the  matter  is  but  partly 
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There  would  be  no  language  if  there  were  not  two  or  more  persons  striv- 
ing to  express  themselves  to  one  another. 

Now,  let  us  see  how  wonderfully  language  is  involved  in  all  other 
human  activities.  What  pleasure  would  there  be  if  there  was  but  one 
person  living!  What  pleasure  would  there  be  if  there  were  many  per- 
sons living  who  could  not  speak  to  each  other?  What  welfare  could 
one  person  secure  from  the  world  if  there  were  no  language?  If  there 
were  no  means  of  linguistic  communication  there  would  be  no  industries 
developed.  What  control  could  people  exert  over  one  another  if  they 
could  not  8i)eak  to  one  another  I  There  would  be  no  institutions  organ- 
ized. What  wisdom  would  there  be  if  we  could  not  by  language  learn 
from  another?  Our  opinions  mainly  depend  upon  our  training.  A  man 
without  language  among  men  would  be  a  fool,  and  a  person  who  has  no 
language,  as  oral  speech,  written  speech,  or  touch  speech  is  practically 
an  idiot.  By  coordinate  and  contemporaneous  development  of  all  of 
these  activities  which  I  have  described,  man  largely  becomes  the  crea- 
ture of  the  social  environment  and  the  modifier  and  creator  of  the  physi- 
cal environment.  Animal  evolution  and  human  evolution  are  immeas- 
urably distinct  things.  Man  is  man  by  reason  of  his  mind,  and  his 
evolution  is  intellectual  evolution. 
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OR  AETS.^ 


By  Otis  Jufton  Mason. 


THE   ARTS   OF  LIFE. 

My  part  in  this  programme  is  to  speak  to  you  upon  the  influence  of 
environment  upon  human  industries  or  arts. 

By  arts  of  life  are  meant  all  those  activities  which  are  performed  by 
means  of  that  large  body  of  objects  usually  called  apparatus,  imple- 
ments, tools,  utensils,  machines,  or  mechanical  powers,  in  the  utiliza- 
tion of  force  derived  from  the  human  body,  from  animals,  and  from 
natural  agencies,  such  as  gravity,  wind,  fire,  steam,  electricity,  and  the 
like. 

There  is  a  study  of  the  activities  of  life  that  belongs  to  natural  his- 
tory, being  concerned  with  what  men  are  and  what  they  do  as  mere 
animals.  They  eat,  drink,  sleep,  walk  about,  and  help  themselves  to 
the  bounties  of  nature,  regardless  of  race.  Their  bones,  muscles,  and 
vital  organs  in  their  adult  state,  in  their  growth  from  embryo  to  decay, 
in  their  specific  forms,  are  to  be  studied  alongside  of  and  in  comparison 
with  the  same  parts  of  other  creatures.  These  natural  activities  of 
mankind  constitute  what,  in  old-time  writers,  was  the  natural  as  dis- 
tinguished from  the  renewed  man.  In  reality,  all  these  natural  endow- 
ments, along  with  other  matters  of  which  I  am  to  speak,  form  part  of 
the  occasioning  environment  of  arts  and  industries.  But  out  concern 
now  is  with  inventions,  artificial  implements,  processes,  and  results. 
We  have  to  study  culture  or  the  doings  of  the  artificial  man — the 
renewed  man.  All  that  he  does  through  new  devices  constitutes  his 
industries  or  his  true  industrial  life.  The  higher  any  subspecies  or 
race  or  nation  has  climbed  into  this  renewed  life  the  greater  has  been 
its  culture. 

THE  ENVmONMENT   OF  ABTS. 

The  environment  of  arts  is  really  the  sum  total  of  all  that  is  outside 
of  and  in  touch  with  them,  including  the  whole  earth  and  all  that  on  it 
dwell,  the  sun  and  the  planets  also,  and  many  of  the  stars,  since  men 
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guide  their  journeys  by  tliem,  set  tlieir  clocks  and  adjust  their  cal- 
endars according  to  their  movements,  and  invent  the  most  delicate 
apparatus  to  gaze  upon  them. 

Practically,  however,  the  environment  of  human  arts  is  the  combined 
action  of  the  sun,  the  moon,  and  the  earth,  especially  at  any  given 
place  or  in  any  culture  center. 

When  you  look  at  a  terrestrial  globe  the  first  thing  you  notice  is 
its  smoothness  and  homogeneity.  Now,  if  the  earth  were  as  smooth  and 
homogeneous,  that  \vould  end  the  matter.  There  would  have  been  no 
arts,  no  lectures  on  their  relation  to  environment,  no  audiences,  and,  to 
make  a  long  story  very  short,  no  environment  worth  speaking  abont 
If  you  were  to  look  closely  at  a  globe  you  would  sec  that  it  is  painted  to 
represent  a  great  variety  of  facts  about  the  earth,  to  declare  its  physi- 
ographic outlines  and  features,  its  roughness  and  heterogeneity.  To 
be  i)recise,  the  earth  consists  of  three  inclosures — the  laud,  the  water, 
the  air — enveloped  in  the  all-pervading  ether.  The  solid  portion  may  be 
called  the  geosphere,  the  liquid  portion  the  hydrosphere,  the  gaseoas 
portion  the  atmosphere.  These  are  not  so  many  distinct  things,  like  a 
nest  of  encapsulating  boxes,  but  there  exists  the  most  intimate  associ- 
ations among  them ;  they  environ  one  another.  The  geosphere  invades 
the  waters  and  the  air.  Nowhere  are  the  waters  and  the  atmosphere 
free  from  the  invasion  of  solid  particles  of  matter.  The  hydrosphere 
invades  the  other  two,  rising  into  the  atmosphere  in  enormous  quanti 
ties,  and  sinking  into  the  earth  to  unknown  distances.  Finally,  the 
atmosphere  is  found  permeating  the  waters,  making  life  possible,  and 
finding  its  way  deep  into  the  structure  of  the  solid  crust.  The  coin])o- 
nents  of  the  air  and  of  the  waters  are  also  the  chief  ingredients  in  the 
structure  of  the  solid  portions.  There  is  no  element  in  the  air  nor  in 
the  waters  that  does  not  exist  in  another  form  in  the  earth's  crust. 

I  speak  of  this  to  impress  upon  your  minds  the  fact  that  this  mother 
planet  of  ours  is  not  a  mere  pile  of  substances  without  interest  in  one 
another,  but  a  very  carefully  organized  body  to  do  a  certain  kind  <>f 
work.  I  shall  not  now  stop  to  inquire  whether  it  was  intelligentlr 
planned  to  do  this  wonderful  work,  of  which  I  shall  soon  s))eak,or 
whether  the  work  is  simply  the  result  of  its  cooperative  activities.  If 
will  suit  my  present  purpose  if  I  can  get  you  to  see  with  me  this  mar- 
velous set  of  terrestrial  cooperations. 

THE   SUN   AND   THE  ENVIRONMENT. 

The  sun  in  its  relation  to  the  geosphere,  the  hydrosphere,  and  tb? 
atmosphere  forms  a  part  of  the  environmental  cooperations.  Onrdi* 
tance  from  the  source  of  heat  and  light  and  actinism,  our  curve  a»J 
velocity  about  it  and  the  speed  of  diurnal  revolution,  the  degree  of 
inclination  of  the  earth's  axis  of  revolution  to  the  plane  of  it«  annojl 
path,  and,  finally,  our  journey  with  the  sun  through  space  are  allaptf^ 
of  one  scheme  or  congeries  of  natural  phenomena  out  of  which  i^ 
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minutest  phases  of  our  industrial  life  spring.  By  a  simple  diagram 
(see  plate)  this  action  of  the  sun  and  interaction  of  earth  strata  may 
be  shown.  The  ancients  divided  phenomena  into  those  of  earth,  water, 
air,  fire — not  a  bad  division  when  we  are  considering  the  influence  of 
environment  on  human  actions. 

The  terrestrial  fires  are  responsible  for  the  corrugations  on  the  earth's 
crust.  The  solar  fires,  in  cooperation  with  the  moon  and  the  earth's  mo- 
tions and  its  inclination  in  its  orbit  are  responsible  for  the  movements 
of  the  waters  and  the  air  in  tides  and  climate  and  all  the  marvelous 
changes  included  in  that  word.  The  waters  of  the  earth  preserve  tol- 
erably well  the  spheroidal  form,  and  the  winds  and  climates  of  the  seas 
conform  to  the  simple  laws  of  spherical  motion  under  given  conditions. 
The  lands  projecting  from  the  seas  by  their  elevations  and  conforma- 
tions modify  the  movements  of  the  air  and  the  waters  so  as  to  re-create 
themselves.  The  winds  of  the  Atlantic,  saturated  with  moisture,  sliding 
westward  as  the  earth  spins  eastward  at  the  rate  of  a  thousand  miles  an 
hour,  strike  against  the  mountain  barrier  of  the  two  Americas.  Their 
waters  are  precipitated  in  deluges  on  the  lowlands  and  blizzards  of 
snow  on  the  high  mountains.  This  provokes  the  action  of  disintegrat- 
ing frosts,  of  avalanches,  of  glaciers,  of  torrents,  of  rank  vegetation  to 
break  down  the  mountains  and  form  the  continents  eastward.  On  the 
contrary,  west  of  this  vast  upheaval  the  winds  from  which  the  water 
has  been  wrung  turn  the  western  slopes  almost  to  a  desert. 

The  Eastern  Hemisphere  has  other  codes  of  behavior  for  the  earth, 
the  air,  and  the  water.  The  results  are  the  long  slope  toward  the  Arctic 
and  a  series  of  rivers  whose  mouths  are  stopped  with  ice  at  the  moment 
when  their  higher  channels  are  in  the  periods  of  inundation.  The 
Kussian  and  Siberian  wastes  are  the  result,  and  the  long  north  sloping 
Piedmont  from  the  North  Sea  to  Lake  Baikal. 

These  coordinating  activities  result  in  the  rich  rivers  of  China,  the 
garden  spot  of  Japan,  the  overwatered  regions  of  southeastern  Asia, 
the  great  desert  region  of  central  Asia,  the  varied  climate  of  India,  the 
excessively  complex  arrangement  of  elevation,  heat,  precipitation,  and 
water  front  about  southern  and  western  Europe.  In  Africa  and  the 
Indo-Pacitic  Archipelagos  the  phenomena  also  form  part  of  a  single 
scheme. 

To  the  arts  of  man  all  mountains,  all  rivers,  forests,  prairies,  and 
deserts  are  necessary, — the  deep  sea  no  l^ss  than  those  prolific  feeding 
grounds  into  which  early  men  ventured  and  lejirned  their  first  lesson  in 
self-confidence,  tlie  end  of  which  would  come  to  be  familiarity  with  the 
whole  globe. 

In  fiict,  the  whole  world  is  now,  and  always  has  been,  a  single  envi 
ronment  for  man,  fitted  up  with  more  or  less  spacious  environments 
iu  which  the  first  human  groups  settled,  and  as  they  became  richer  and 
stronger  they  took  larger  and  larger  apartments.     Each  one  of  these 
environments  had  a  character  of  its  own  and  the  only  possibility  for  a 
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race  to  occupy  more  than  one  was  to  become  more  and  more  artificial 
and  to  multiply  its  wants. 

fifPECIAL  ENVIRONMENTS. 

In  this  connection,  it  will  be  profitable  to  note  bow  tlie  cosmic  forces 
have  cooperated  to  create  special  environmental  relationships  in  the 
three  kingdoms  of  nature.  The  arts  of  mankind  have  to  do  with  the 
mineral,  vegetal,  and  animal  resources  of  the  earth,  to  procure  them, 
to  manufacture  them,  to  transport  them,  to  count,  weigh,  measure,  and 
value  them,  to  exchange  them,  and  to  enjoy  them,  in  answer  to  an  ever- 
increasing  body  of  wants,  working  them  as  materials  by  means  of  tools 
and  machinery,  according  to  methods  which  constitute  the  ])roeesses  of 
the  arts,  always  with  definite  ends  in  view. 

Now,  these  three  kingdoms  of  nature,  though  they  may  have  no  king 
apparent  to  our  senses,  are  far  from  being  for  our  race  a  purposeless 
rabble.  As  wtth  the  three  spheres  of  the  earth,  they  also  play  into 
one  another  indefinitely  under  the  sway  of  the  imperial  sun.  This 
relationship  has  been  represented  as  in  the  diagram  (see  plate). 

In  the  case  of  the  spheres,  it  was  easy  to  see  that  if  the  earth  were 
perfectly  homogeneous  and  smooth  the  movements  of  air  and  water 
would  be  tolerably  uniform;  but  as  things  are  arranged  this  would  not 
be  so  with  our  three  kingdoms.  There  would  be  tropical,  terai>erate. 
and  arctic  plants  and  animals  even  then.  But  with  the  present  order 
of  contours  and  movements  in  the  atmosphere,  hydrosphere,  and  geo- 
sphere,  the  kingdoms  of  minerals,  vegetables,  and  animals  undergo  an 
endless  variety  of  changes,  creating  no  end  of  subvarieties  in  the 
environments  and  stimuli  to  action  and  artificial  life. 

The  mineral  kingdom  is  awakened  by  the  sun;  not  only  its  meehaniiid 
movements  are  quickened  in  the  air,  the  water,  and  the  earth,  the  cnr 
rents  of  the  ocean,  the  rains,  snows,  ice,  frost,  and  heat,  but  somehow  his 
beams  are  entangled  with  life  itself,  for  only  in  his  presence  are  the 
fields  and  forests  clad  in  emerald,  the  organs  of  regeneration  made 
resplendent  in  flowers  of  every  possible  hue,  and  new  beings  come  into 
life  at  his  bidding.    It  is  only  in  the  unfathomable  abysses  and  in  tire 
imillumined  earth  that  life  is  not.    The  stream  of  life  flows  into  the  ref 
etal  kingdom  through  the  mineral,  and  a  return  current  brings  liberateii 
oxygen  and  the  products  of  decay.    The  stream  of  life  flows  from  thf 
vegetal  into  the  mineral  with  return  ciurents  of  carbonic  acid  ^ 
decayed  matter,  and  the  preparation  of  the  soil.    The  stream  of  hk 
descends  from  the  animal  to  the  mineral,  with  return    currents  io 
the  form  of  air  to  breathe,  water  to  drink,  and  a  host  of  mioerai 
substances  wrought  into  our  blood,  brains,  and  bones.'     The  inviaW' 

1  Dr.  C.  Hart  Merriam's  studies  in  the  relation  of  fauna  to  annual  heat  nnit»  ^ 
interesting  in  this  connection,  since  they  really  stand  for  the  tot-al  solar  Axv^* 
luminous,  actinic  and  heating.    (Smithsonian  Report,  1891,  pp.  365-415.) 
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motions  produced  by  the  sau's  force  becomes  visible  in  the  rising 
vapors;  the  motions  of  the  air  in  the  movements  of  the  clouds;  the 
secret  motions  of  the  snow  and  rain,  the  dew  and  the  frost  in  the 
downward  movement  of  the  lands;  the  unseen  movements  of  the  land 
appear  in  the  families,  genera,  and  species  of  animals;  finally,  the  dis- 
tribution of  these  reveal  themselves  in  ways  not  known  to  us  in  the 
specific  cultures  of  mankind  belonging  to  the  areas  where  they  arose. 

Do  you  not  see  that  the  total  result  of  these  natural  activities  gives 
us  a  world  that  almost  mimics  a  thoughtful  being,  with  something  to 
bestow,  many  things  to  suggest,  power  unlimited  to  lend,  and,  mark 
me,  an  intelligent  discrimination  of  rewards  and  punishments  whose 
effect  has  been  to  glorify  the  good  and  to  destroy  the  unfit. 

I  do  not  say  that  the  world  is  alive  and  thoughtful,  that  its  provinces 
or  areas  of  separate  environmental  characterizations  are  each  governed 
by  a  viceroy,  but  the  law  of  the  ingenious  mind  of  man  working  in 
these  makes  it  appear  so.  His  subjective  activity  is  projected  upon 
the  backgi'ound  of  the  earth,  until  it  is  quite  certain  that  he  is  in  coop- 
eration with  the  power  that  governs  it.  It  is  not  yet  decided  how  far 
this  force  obtrudes  itself  upon  his  will,  since  it  is  certain  that  his  con- 
servatism impels  him  to  certain  activities  against  the  environment. 

KINDS  OF  ACTIVITIES. 

There  are  six  kinds  of  human  industrial  arts  as  regards  the  environ- 
ment, to  wit: 

(1)  Taking  the  gifts  of  nature:  Man  is  then  a  quarry  man  or  miner, 
a  gleaner,  a  fisherman,  a  hunter,  and  later  a  domesticator. 

(2)  Changing  the  form  of  natural  objects:  Man  is  then  a  manufac- 
turer, mechanic,  artisan,  an  inventor  of  tools  and  machines. 

(3)  Changing  the  place  or  position  of  himself  and  of  things:  Man  is 
then  a  traveler,  a  carrier,  an  engineer,  a  subduer  of  force. 

(4)  Intelligent  accounting  for  things  and  measuring:  Man  is  then  a 
statistician,  a  measurer,  surveyor,  ganger,  weigher,  a  maker  of  clocks 
and  almanacs,  a  scientific  explorer. 

(5)  The  exchanging  of  the  fruits  of  labor,  commerce,  business, 
money :  Man  becomes  a  merchant. 

(6)  The  arts  of  enjoyment:  Man  becomes  a  user  of  food,  houses,  fur- 
niture, utensils,  equipage,  fine  art  in  all  its  branches. 

It  is  certain  that  we  are  brought  into  relation  with  nature  or  envi- 
ronment in  and  by  all  of  these.  Indeed,  it  is  due  to  the  great  diversity 
of  environments  that  they  are  all  possible.  If  you  will  run  your  eye 
along  the  perspective  of  human  history,  you  will  see  cultures  running 
into  one  another  like  the  streams  of  a  river  or  the  lines  of  a  great  struc- 
ture. Each  culture  was  developed  in  a  special  environment.  The 
union  of  two  environments  eventuates  in  the  union  of  two  cultures, 
widening  both. 
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CHARACTERISTICS   OF  ENVIRONMENT. 


We  may  now  be  allowed  to  eDumerate  some  of  those  characteristics 
of  this  composite  nature  of  things  whose  influence  upon  our  daily 
activities  we  are  now  contemplating.    And  first  we  can  not  help  seeing 
that  the  environment  is  the  provider  of  all  raw  materials.     This  seems 
trite,  and  in  its  simple  statement  may  be  so.    But  see  how  each  people 
of  the  earth  is  characterized  by  its  raw  materials.    An  Eskimo  collec- 
tion is  white;  the  same  ideas  are  expressed  by  the  Haidas  south  of 
tbem  in  jet  black.    The  art  of  the  British  Columbian  is  red,  of  Oregon 
and  California  yellow,  of  the  Pueblos  ^cru,  of  Mexico  gray.     All  this 
is  plain  enough  when  you  know  the  color  of  walrus  ivory,  of  slate,  and 
mountain  goat  horn,  of  cedar,  of  grasses  and  spruce  root,  of  fire  clay 
when  baked,  and  of  volcanic  building  stones.     People  express  them- 
selves in  the  material  at  hand.    The  Egyptian  was  furnished  with  lime- 
stone and  syenite,  so  he  hammered  away  at  that.    His  ideas  could 
mount  no  higher  than  the  material.    On  the  other  hand,  the  Greek  was 
provided  by  environment  with  the  whitest,  finest,  and  thickest  quar- 
ries of  marble  on  earth.     It  was  expected  of  him  that  he  should  give 
the  highest  expression  of  the  aesthetic  faculty  in  sculpture  and  archi 
tecture,  though  his  pottery  was  somewhat  inferior.    When  the  whole 
world  is  brought  into  one  environment  by  the  art  of  transportation, 
then  other  lands  have  hope  to  imbibe  some  of  the  genius  engendered 
and  fostered  about  the  quarries  of  Pentelicus.    But  in  the  generative 
period  of  industrial  forms,  before  the  world-embracing  connneree,  it 
was  not  so. 

Nature  or  environment  appears  to  us,  secondly,  in  the  light  of  a  pur- 
veyor of  force.     At  first  our  race  had  only  the  force  of  its  own  frail 
but  versatile  bodies  to  depend  upon,  yet  men  will  never  cease  to  marvel 
at  this  mechanism  as  an  economic  device  for  storing  and   ntilizing 
power.    Whether  we  regard  a  machine  in  the  light  of  saving  fuel, 
of  speed,  of  ability  to  change  rectilinear  motion  readily  into  that  of 
any  curve  or  succession  of  curves,  the  body  of  man  will  ever  remain 
for  inventors  to  wonder  at  and  imitate.     Long  ago  backs  and  hands 
and  feet  were  wearied  with  ever-increasing  burdens,  and  so  the  dog, 
the  reindeer,  the  horse,  the  ass,  the  cow,  the  camel,  the  llama,  the  ele- 
phant, and  even  the  sheep  were  handed  over  in  innumerable  packs  and 
herds  to  give  additional  power  to  industry.    These  cretitures  not  only 
fed  and  clothed  men,  they  made  men's  legs  longer,  their  ba<!><ks  stronger, 
their  hands  more  skillful.    Then  came  the  wind  to  blow  upon  the  niaf. 
the  sail,  the  mill,  and  the  water,  moving  in  its  natural  currents  and 
then  in  artificial  channels  to  turn  the  wheels  of  industrialism.    How 
bountiful  has  nature  been  in  the  supply  of  force!    Who  ever  dreamed 
of  exhausting  it?    How  many  ships  upon  the  sea  would  it  take  to  use 
up  all  the  winds  that  blow,  and  how  many  turbine  wheels  would  it 
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require  to  take  up  and  transform  into  useful  arts  the  force  of  all  water- 
falls! 

It  is  true  there  are  environmental  gifts  that  may  be  ruthlessly 
wasted.  As  Professor  McGee  has  shown,  the  resources  of  fertility 
wasted  in  the  United  States  every  year  exceed  those  reproduced  in 
crops.  Six  hundred  million  tons  of  coal  are  the  output  annually  in  the 
United  States.  Many  species  of  most  useful  animals  have  been  irre- 
trievably extinguished,  but  who  ever  thought  of  exhausting  g^ravity, 
elasticity,  the  mechanical  powers,  the  forces  of  the  environment.  How- 
ever, we  must  admit  that  even  these  natural  forces  are  unequally  dis- 
tributed, and  that  gives  character  also  to  the  arts.  There  are  no 
turbine  wheels  in  the  desert,  no  sails  cross  the  zone  of  calms,  and  each 
domestic  animal  has  its  geographic  range  beyond  which  it  becomes 
unproti  table. 

In  the  third  place,  the  environment  manifests  itself  as  the  teacher  of 
industries.  I  should  be  the  last  person  in  the  world  to  rob  the  ingen- 
ious mind  of  man  of  its  glory  in  achievements  through  human  industry; 
but  the  fact  remains  that  wherever  you  enter  his  workshop,  called  the 
w^orld,  you  will  see  hanging  on  the  walls  and  lying  about  him  all  sorts 
of  patterns  and  models,  and  a  multitude  of  processes  are  going  on 
which  he  falls  into  as  **heir  of  all  the  ages." 

There  were  cave  dwellers  before  there  were  men ;  spiders,  mud  wasps, 
beavers,  and  birds  spun  and  worked  in  clay  and  cut  down  trees  and 
made  soft  beds  for  their  yoting  long  ago.  Plants  reared  \  essels  and  mol 
hisks  produijed  dishes  that  even  now  are  the  patterns  of  the  most 
skillful  potters.  There  were  hammers,  gimlets,  pins,  needles,  saws, 
baskets,  and  sandpaper  at  hand  when  the  human  artisan  first  became 
an  apprentice.  And  I  would  ask  you  whether  there  is  any  possibility 
of  this  suggestiveuess  of  nature  ever  being  exhausted.  Whisperings 
are  yet  going  on  in  her  school.  The  little  birds  have  not  told  all  the 
secrets.  The  processions  toward  the  patent  office  prove  that  the  grow- 
ing coordinations  of  environment  in  relation  to  the  common  industries 
have  turned  the  village  school,  with  its  circumscribed  advantages,  into 
a  world-embracing  university. 

Lastly,  I  must  not  fail  to  tell  you  that  the  environment  itself  is  capa- 
ble of  unlimited  education  and  improvement  in  relation  to  the  com- 
monest wants  of  life  and  our  ways  of  satisfying  them.  There  is  one 
thought  about  the  nature  of  the  common  things  among  which  we  min- 
gle that  fills  me  with  ever-increasing  delight.  It  is  the  sympathetic 
response  of  nature  or  environment  to  every  aftectionate  touch.  An 
industrious  and  wise  farmer  settles  upon  a  piece  of  land.  Soon  you 
behold  remunerative  crops  replacing  the  forest  and  the  waste.  The 
man  is  enriched;  he  then  enriches  the  land,  and  by  a  kind  of  mutual 
admiration  they  two  grow  fat  together.  When  a  progressive  race 
has  settled  down  in  a  part  of  the  earth  not  too  icy,  not  too  torrid,  not 
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discouragingly  luxuriant,  not  absolutely  a  desert,  tbe  same  has  been 
true.  The  wild  and  cooperatively  relentless  wolves  have  become  faith- 
ful dogs.  The  capability  was  slumbering  there.  The  feeble  grasses  are 
transformed  simply  by  giving  the  best  a  chance  into  prolific  grains. 
The  modest  wild  flower  becomes  the  florist's  delight,  landscape  garden 
ing  the  composite  expression  of  all  aesthetic  pleasures  in  form,  color, 
number,  odor,  and  motion.  Professor  McGee  has  called  our  attention 
to  the  partial  desert  as  the  best  possible  arena  for  starting  certain  forms 
or  epochs  of  this  artificial  life  which  we  are  now  considering,  and  it  i$. 
Indeed,  in  this  perfectibility  of  the  environment  of  which  T  am  now 
speaking  it  seems  to  be  the  manifest  destiny,  the  natural  proclivity,  tbe 
ambition  of  the  desert  to  blossom  as  the  rose.  How  delightful  to  con- 
template this  readiness  of  nature  to  respond  to  the  touch  of  man. 

AMERICAN  ENVIRONMENTS. 

It  must  have  frequently  occurred  to  my  hearers  that  the  more  cir- 
cumscribed the  environment  the  more  dependent  the  activity  must  be 
upon  it  and  therefore  the  more  monotonous  the  life  must  have  been. 
This  is  true  in  the  kingdoms  of  life  and  also  true  as  amoDg  genera  and 
species  of  animals.  It  has  been  also  ti*ue  among  the  races  of  men. 
The  best  examples,  therefore,  of  environment  affecting  arts  and  indns- 
tries  will  be  found  where  the  tribes  are  still  living  in  the  endogamic 
stage  of  social  culture,  so  that  the  happy  arrangement  between  the 
arts  and  their  surroundings  have  been  as  little  disturbed  as  j>ossibIe- 
Taking  the  Americas  at  the  time  when  they  were  first  revealed  to  tbe 
historian  you  will  find  that  they  range  through  natnral  conditions 
diversified  enough  to  bring  into  prominence  arts  adapted  to  each  cul- 
ture area  and  obtrusively  different  from  those  of  other  areasJ 

For  our  present  purpose,  there  may  be  said  to  have  been  eighteen 
American  Indian  environments  or  culture  areas,  to  wit:  Arctic,  Atha- 
pascan, Algonquian,  Iroquoian,  Muskhogean,  Plains  of  the  Great  West, 
North  Pacific  Coast,  Columbia  drainage.  Interior  Basin,  California 
Oregon,  Pueblo,  Middle  American,  Antillean,  South  American  Cordil- 
leran,  Andean  Atlantic  Slope,  Eastern  Brazilian,  Central  l^razilian. 
Argentine-Patagonian,  Fuegian.'  These  will  be  given  seriatim  with  the 
factors  constituting  tbe  motives  and  processes  of  the  arts  of  life,  A 
table  will  follow  with  the  factors  at  the  top.  By  writing  the  character 
istics  of  each  factor  for  each  environment  you  would  have  at  a  gbmcr 

^These  culture  areas  should  be  compared  with  Major  Powell's  linguistic  map,  Tti; 
Au.  Rep.  Bnr.  Ethuol.^  with  Thomas's  mound  maps,  12th  An.  Rep.  Bur.  Ethnol.,  with 
Bancroft's  geographic  areas  in  his  Native  Races  of  the  Pacific  States,  Imt  especially 
with  Franz  Boas's  Anthropology  of  the  North  American  Indians,  Mon.  Intemat.  Cons 
ofAnthrop.,  Chicago;  C,  Hart  Merriam's  Geographic  Distribution  of  Life  in  Xort^ 
America,  Smithsonian  Report,  1891,  and  J.  A.  Allen's  Geographic  Distribntioo  of 
North  American  Mammals,  Bull.  Am.  Mus.  Nat.  Hist.,  New  York,  Vol.  IV. 

^See  Powell  (J.'W.'),lt^kxk.  Ba^.  Bur.  Ethnol.;  Brinton  (D.  Q.),  The  Americta 
Race;  New  York,  1^1. 
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the  whole  result  of  our  inquiry.  This  elaboration  may  be  tabulated  to 
any  degree  of  minuteness,  but  for  the  present  we  must  be  satisfied 
with — 

(1)  Climate  and  physiography; 

(2)  Predominant  minerals,  vegetables,  animals; 

(3)  Foods,  drinks,  narcotics,  stimulants,  medicines; 

(4)  Clothing  and  adornment  of  the  body; 

(5)  House,  fire,  furniture,  utensils; 

(6)  Arts  in  stone,  clay,  plants,  animal  tissues; 

(7)  Implements  and. utensils  of  fishing,  hunting,  and  war; 

(8)  Locomotion. 

ENVIRONMENTS  AND   CHARACTERISTICS. 

The  Arctic  environment,  according  to  the  eight  classes  of  character- 
istics laid  down,  may  be  thus  defined  as  having — 

(1)  Intensely  cold  climate,  six  months  day  and  six  months  night, 
abundance  of  ice  and  snow,  no  vertical  zones,  much  water  line  and  level 
coast. 

(2)  Chert,  slate,  soap6tone,pectolite;  driftwood,  wreckage,  no  timber, 
berries;  aquatic  invertebrates,  mammals  and  birds,  reindeer,  land  car- 
nivores, and  rodents. 

(3)  Little  vegetable  diet,  meat  of  fish,  birds,  aquatic  mammals,  and 
deer;  pipe  and  snuff  introduced. 

(4)  Dress  of  furs,  birdskins  and  intestines,  labrets  and  tattooing. 

(5)  [Jnderground  houses  or  igloos,  snow  house,  stone  lamp-stove, 
steamed  wood  for  dishes. 

(6)  Chipping,  sawing,  boring,  grinding,  and  carving  stone;  carving 
bone,  antler  and  ivory;  a  little  pottery  at  Bristol  Bay;  textile  in  bas- 
ketry, sinew  twining  and  braiding,  tailoring  in  skins;  ingenious  weapon 
makers. 

(7)  Hunting  implements,  harpoons,  bird  darts,  fish  darts,  lances,  fish- 
hooks, nets,  composite  bows  and  arrows. 

(8)  For  travel,  poor  snowshoes,  ice  creepers,  sleds,  kaiaks,  umiaks. 
The  Athapascan  environment  has  the  following  characteristics: 

(1)  The  drainage  of  the  Yukon  and  the  Mackenzie  and  the  barren 
ground  southward  to  British  Columbia. 

(2)  Poor  in  the  industrial  minerals;  birch,  conifers,  and  poplars; 
fish,  birds,  caribou,  bear,  and  fur  animals  in  profusion. 

(3)  Fish,  meat,  berries,  cooked  by  boiling  with  hot  stones  or  roasted. 

(4)  Deerskin  clothing,  with  or  without  fur,  bonnet,  shirt,  pantaloons, 
moccasins;  much  ornamented;  no  tattooing. 

(5)  Bark  lodge,  movable;  bark  and  basketry  dishes;  fur  bedding; 
open  fire. 

(6)  Manufacture  of  hunting  implements,  basketry,  bark  work;  excel- 
lent skin  working;  no  pottery. 

(7)  Plain  bows,  arrows  with  bone  heads,  lances,  fishing  nets  and 
hooks,  gigs. 
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(8)  Snowshoes  of  finest  webbing,  sleds,  bark  canoes. 

The  Algonquiii-Iroqnois  characteristics  of  environment  are: 

(1)  Climate  temperate  to  subarctic;  wide  expanse  of  lowland;  exten- 
I                  sive  inland  waters  and  indented  Atlantic  coast. 

(2)  Materials  for  industry,  quartzite,  diorite,  sandstone,  etc*.,  for  chip- 
ping, battering,  and  polishing,  and  mines  of  jasper,  copper,  and  steatite: 
hard  wood,  birch,  conifers,  wild  rice;  game  birds  and  mammals,  fisli, 
moUusks. 

(3)  Dietary  of  great  variety  in  the  animal  products  of  land,  fresh 
water,  and  salt  water;  maize,  pumpkins,  beans,  natural  fruits;  boiling 
with  stones  or  in  pots,  roasting;  tobacco  pipe. 

(4)  Shirt,  breech  clout,  leggings,  moccasins  of  tawed  skin,  in  winter 
fur  clothing;  body  frequently  exposed  in  the  southern  part  of  the  ai^a. 

(5)  Dwellings  of  bark  lodges,  skin  lodges,  bark  and  skin  long  bouses 
or  arbors,  communal  barracks,  village  camps;  fires  in  center;  little 
furniture;  extensive  use  of  mats  woven  or  sewed  together,  and  skin 
robes.  In  this  area  there  are  the  largest  number  of  geometric  earth- 
works, fortifications,  mounds,  and  shell  heaps. 

(6)  The  arts  were  not  of  high  order;  they  included  chipped,  battered, 
and  polished  stone;  poor,  red  pottery;  bark,  dugout,  and  Avit-ker  ves- 

I  sels;   quill  work;    tawed  skin,  sinew,   and   thong  or  babiche   work; 

mortar  grinding. 

(7)  The  weapons  of  war  and  capture  were  clubs,  stone  knives,  lances, 
plain  bow  and  stone-pointed  arrows,  barbed  spears,  fish  x>ounds,  traps, 
hooks,  gigs,  scalps  were  taken. 

(8)  They  traveled  afoot,  along  well-known  trails,  on  suowshoes  in 
Canada;  on  the  water  in  birch  canoes  or  in  dugouts;  portages. 

The  Muskhogean  area  includes  the  Southern  States  of  the  Union 
below  the  northern  boundary  of  Carolina.  In  it  were  other  tribe4S  and 
parts  of  Northern  families,  but  the  area  dominated  the  activities  of  all. 

(1)  Low  mountains,  rich  river  valleys,  abundant  rain,  o<*ean  and 
gulf  coast,  climate  temperate  to  subtropical. 

(li)  River  gravels,  and  mines  of  flint,  mica,  and  copper;  abundant 
timber,  cane,  tobacco,  and  natural  fruits;  deer,  turkeys  and  other 
birds,  fish  and  aquatic  invertebrates  in  profusion. 

(3)  Food  of  maize,  melons,  pulse,  fruits,  the  products  of  the  chiv«, 
and  the  rich  harvest  of  the  waters;  roasting,  pot  boiling,  baking  iu  bof 
ashes,  smoked  and  fire-dried  food. 

(4)  Tlie  dress  of  this  area  was  partly  of  tawed  skins,  little  clothing 
was  worn,  in  fact.  The  caves  reveal  capes  and  petticoats  of  bast  and 
native  hemp,  woven  and  fringed.  Feather  work,  shell  beadwork,  and 
pearls  were  used  in  profusion. 

(5)  They  lived  in  small  huts  and  grass  lodges  and  in  wattled  houses 
daubed  with  mud.  These  were  collected  in  fortified  villages.  The 
furniture  was  of  cane  and  matting,  vessels  of  clay  and  .diagonal  b-^ 
ketry;  open  fire.  Here  abound  geometric  mounds  and  earthworks, 
shell  heaps,  and  aheW  mov\\\(i^. 
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(<))  The  arts  were  chipping,  peeking,  and  polishing  stone;  pottery 
makiugof  a  distinct  school;  twined  and  plaited  textiles  of  cane  and 
native  hemi);  feather  working;  grinding  in  log  mortars. 

(7)  The  weapons  of  capture  and  war  were  plain  bows,  reed  arrows, 
reed  knives,  stone  tomahawks,  lances  with  stone  points,  clubs  for 
braining. 

(8)  Traveling  on  foot,  and  packing;  on  water  were  used  canoes 
hollowed  from  the  soft  poplar  and  gum  trees,  which  are  abundant. 

The  plains  of  the  Great  West  have  constituted  a  definite  culture  area 
characterized  by — 

(1)  A  piedmont  sloping  down  to  the  immense  prairies  of  the  Missouri, 
the  Platte,  and  the  Arkansas;  temperate  climate. 

(2)  Few  good  industrial  minerals  and  those  prized  and  guarded  by 
intertribal  agreements;  plants  restricted  to  small  trees  for  tent  poles, 
arms  and  cradles,  apocynum  for  textiles;  buffalo  overwhelmingly. 

(3)  The  dietary  was  meat  flavoreil  and  supplemented  with  berries; 
kinnikinic;  no  farming. 

(4)  Skin  clothing  in  excess,  hood,  shirt,  clout,  leggings,  moccasins, 
robes;  paint  the  body. 

(5)  Skin  lodges  in  circles;  earth  lodges  like  those  south;  furniture  of 
hides,  fur,  and  intestines;  dung  for  fuel;  jerked  meat;  stone  boiling  in 
small  pits  lined  with  rawhide;  roasting. 

(fi)  Stone  chipping,  pecking,  carving,  and  polishing  a  little;  skin 
dressing,  tailoring,  embroidery  in  quill,  spinning  flax  without  spindle 
occupied  the  entire  time  of  the  women.  The  men  were  hunters  preemi- 
nently. 

(7)  The  weapons  of  capture  and  of  war  were  compound,  sinew-backed, 
and  self-bows,  and  stone  pointed  arrows,  stone  tomahawks  and  casse- 
tetes,  clubs  armed  with  jagged  blades,  lances. 

(8)  Travel  was  on  foot  and  the  dog  was  a  beast  of  burden;  for 
crossing  rivers  the  bull  boat  or  buffalo-hide  coracle  was  ever  at  hand. 

The  North  Pacific  area  extends  from  Mount  St.  Elias  to  the  Straits  of 
Fuca,  embracing  Tlingit  (Koloschan),  Haida  (Skittagetan),  Tsimshian, 
and  Nutka,  or  Wakashan,  tribes.-   Its  characteristics  are: 

(1)  Moist,  temperate  climate;  archipelagic  and  mountainous  coast. 

(2)  Its  material  resources  are  slate  and  granular  rocks,  immense  for- 
ests of  conifers,  sea  fauna  inexhaustible  by  savages,  herring,  salmon, 
halibut,  oolachon,  moUusks  of  great  size. 

(3)  Fish  diet,  mixed  with  fruits;  no  grain;  snuff  and  tobacco;  stone 
boiling  and  roasting. 

(4)  Woven  clothing  of  goat,  sheep,  and  dog  hair  and  cedar  bark; 
labrets  and  tattooing. 

(5)  Their  dwellings  were  communal  barracks,  with  totem  posts;  cen- 
tral fires;  furniture  and  utensils  of  stone,  wood  dugout,  woven  bark^ 
and  exquisite  twined  and  checker  bnsketry. 

(6)  Their  arts  were  stone  carving  by  battering  and  scraping,  no 
chipping;  wood  carving,  twined  and  plain  weavAWg\  tvo^\X«^^* 
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(7)  Tbe  weapons  of  war  and  capture  were  retrieving  harpoons,  gigs, 
and  the  like;  flsh  traps,  clubs,  few  appliances  for  land  animals. 

(8)  They  traveled  in  dugout  canoes  altogether,  keeping  close  to  shoi«s 
and  water  courses.  At  the  extreme  north  the  fine  suowshoe,  borrowed 
ironi  the  Athapascan,  was  in  vogue. 

The  Columbia  drainage  area  includes  the  entire  basin  of  that  utreasa 
and  some  contiguous  patches.  It  is  very  diB'erent  front  the  foregoing, 
having  the  following  characteristics: 

(1)  Stern,  ialandless  coast,  but  prolitlc  tide  water  and  streams;  ricb 
laudi^;  mild  climate. 

(2)  Its  material  resources  for  savagery  are  siliceous  and  grannlai 
rocks;  textile  plants  and  forest  quite  varied;  salmon  and  waterfowl; 
abiindauce  of  edible  roots  and  fruits. 

(3)  Their  dietary  included  fish  and  mollusk,  with  camass,  kouse,  aud 
other  roots  and  fruits  in  abundance;  no  agriculture;  stone  btiiling  and 
pit  roasting. 

(-1)  The  tribes  dressed  partly  in  skins,  partly  in  textile  garments,  bat 
the  mild  climate  allowetl  them  to  expose  their  bodies  much. 

(.'i)  Their  houses  were  likewise  communal  barracks,  with  interiw 
inclosures,  but  the  huge  totem  post  is  lacking;  ftimitore  of  greatlj 
varied  matting,  wallets,  rigid  baskets. 

(ti)  The  arts  were  chipping  aud  battering  stone;  no  pottery;  manf 
types  of  weaviug  and  basketry,  including  plain,  checker,  diagouaL 
twined  bird  cage,  coiled  meshes,  and  stitvhes;  an  exceedingly  mixed 
region. 

(7)  Their  weapons  of  capture  and  war  were  bows  and  arrows,  liai- 
poous,  lances,  clubs,  hooks,  and  traps. 

(8)  They  traveled  in  bark  cauoes,  Amoor  type,  aud  near  the  salt 
water  in  excellent  dugouts.  On  foot  in  winte-r  they  used  coarse  snow- 
shoes. 

The  interior  basiu  of  the  United  Btates  includes  the  lauds  betwetn 
the  western  slojws  of  the  Itockies  and  the  eastern  slopes  of  the  Sierrs* 
It  lies  north  of  New  Mexico  aud  Arizona,  aud  includes  tbe  moi>t  of  Col 
orado,  Utah,  Nevada,  eastern  Oregon,  Idaho,  and  a  corner  of  Wyomiug. 
Its  characteristics  are : 

(I)  Partial  deserts  among  mountains  with  rich  and  wooded  pati'bei. 

{'2)  Materials  for  savage  arts,  siliceous  aud  friable  stone,  deer,  anW 
lope,  and  other  game,  few  fish,  nutritious  plauts,  i>oor  timber,  ini 
textile  plants. 

(.1)  Diet  meager,  meat  scarce,  bread,  mush,  and  soups  of  acorusawi 
wil<i  plant  seeds;  insects  and  grubs  eaten;  cooking  with  hot  stonte 
and  roastiug  or  parching  in  trays  with  hot  stones. 

(4)  Buckskin  shirts,  clouts*,  leggins,  moccasin  excellent,  hats  of 
coarse,  twined  basketry;  no  tattooing. 

(5)  Shelters  of  brush  by  the  side  of  blufl's  or  in  the  open;  parttJ 
cave  dwellers;  stick  beds,  vessels  of  basketry  dipj*ed  in  pitch; »" 
pottery;  Are  out  of  doors. 
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(6)  Chipping  stone,  good  skin  dressers,  basketry  in  twined  ware, 
rough  and  coarse  by  reason  of  the  material;  excellent  gleaners  and 
millers. 

(7)  Their  weapons  are  sinew-backed  bows,  short,  stone-points 
arrows,  clubs,  and  land  nets. 

(8)  Traveling  on  foot,  no  artificial  appliances  for  laud  or  water; 
carrying  in  conical  baskets  by  means  of  headband. 

The  Californian-Oregon  area  embraces  a  part  of  Oregon  and  all  of 
California,  except  the  southeastern  third.    Its  characteristics  are  : 

(1)  A  series  of  short  and  isolated  valleys,  descending  to  the  ocean, 
and  without  harbors,  or  to  San  Francisco  Bay.  Though  there  are 
mountains,  there  are  no  vertical  zones  of  culture.  The  climate  is 
vigorous  and  salubrious.  The  isolation  is  obtrusively  shown  in  the 
fact  that  here  twenty-six  linguistic  families  were  packed. 

(2)  Materials  for  arts  were  siliceous  stones  for  chipping,  superb;  no 
fictile  clay;  fibers,  fruits,  and  woods  excellent;  fish  and  game  plentiful. 

(3)  Diet  of  acorns,  sgeds,  fish,  birds,  and  mammals.  Cooking  with 
hot  stones  in  mush  and  in  pits;  open  roastry ;  tubular  pipes. 

(4)  Dressof  buckskin,  rabbitskin,  and  grass  fringes,  scanty;  tattooing. 

(5)  Insignificant  shelters,  varied,  partly  below  ground;  granary 
baskets;  shell  heaps. 

(C)  Stone  chipping  admirable;  stone  and  basketry  mortars ;  basketry 
of  every  type  in  seven  distinct  species  of  weaving:  flax  twine. 

(7)  Weapons,  neatly  made  sinew-backed  bows  and  elegant  arrows  in 
many  styles,  with  most  delicate  stone  points;  fish  spears,  retrieving 
arrows,  fish  and  animal  traps. 

(8)  Poor  boats;  rafts  and  balsas  in  the  south;  snowshoes  rare  and 
rude;  conical  baskets  and  carrying  bands. 

The  Pueblo  culture  area  includes  New  Mexico  and  Arizona,  with 
extensions  into  Utah,  southern  California,  and  northern  Mexico.  Its 
characteristics  are: 

(1)  Arid,  hot  climate,  elevated  mesas,  canyons,  irrigable  valleys, 
mountains. 

(2)  Materials  of  industry,  shales,  clays,  turquoise,  volcanic  rocks; 
mesquite,  oak,  cottonwood,  yucca,  basket  shrubs,  cultivated  foods, 
and  fruits;  deer,  rabbits,  goat,  mountain  lion,  coyote. 

(3)  Maize,  pulse,  melons;  little  meat  until  the  introduction  of  sheep; 
griddle  cakes,  mush,  and  pottage;  cigarettes. 

(4)  The  clothing  is  somewhat  scant,  for  a  long  time  of  buckskin  and 
woven  fabrics,  formerly  rabbit-skin  robes,  feather  robes,  weaving  in 
apocynum  and  agave  fiber,  paints,  no  tattooing. 

(5)  Pueblos,  either  underground,  crater,  cave,  cavate,  cliff,  mesa,  or 
lowland;  towers. 

(6)  Chipping,  polishing,  and  boring  stone;  smooth  and  painted  pot- 
tery in  great  profusion;  mythological  in  motive;  basketry  in  wicker, 
diagonal,  twined,  and  coiled  ware;  weaving  in  frames  and  with  grating 
harness,  in  plain  and  diaper;  wrapped  ornamentation;  bone  and  horn 
work  rude;  mealing  stones  in  sets;  sand  painting,  irrigation. 
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(7)  Weapons  of  war  and  the  cbase  were  bows  and  arrows,  sbielil^ 
rabbit  elubs  for  tbrowiug,  laud  nets,  clnbs. 

(8)  On  foot  only,  no  conveyance  by  land  or  by  sea;  carrying  ou  the 
Lead  with  ring,  or  on  the  back  with  forehead  band. 

Middle  AmericiUi  cnlture  area,  including  soathern  Mexico  and  I'eu- 
tral  America.     Tho  charji«t«ri8tic3  are: 

(1)  Mountains,  terraces,  and  tablelands;  vertical  zones  of  climate 
ftom  torrid  seacoast  to  t«;mperate  uplands;  wet  and  dry  seiison;  uo 
good  harbors;  cnlture  forces  <;eutrifugal. 

(2)  Materials  are  obsidian,  volcanic  building  stone,  gems;  ynecas. 
agaves,  excellent  timber,  cotton,  tbod  plants;  animalH  inferifir,  aban- 
dance  of  beautiful  birds,  fish  and  shelllish  on  the  coast. 

(3)  Food  largely  artificial,  of  maize,  pulse,  flesh,  flsb,  chile  in  many 
form.s;  cbocolat«,  pulque. 

(4)  Sandals  of  fiber,  scanty  body  garb  of  poncho  and  aerape,  stra* 
hats,  feather  clothing  superb,  labrets. 

(5)  Thatched  hut,  open  fire,  hammock,  pyramids,  great  buildingt^of 
hammer  dressed  and  carved  stone;  vessels  of  gourd  ami  clay. 

((i)  The  art^  were  mining,  metallurgy,  stone  cutting,  (i;em  cutting, 
grotesquely  modeled  pottery,  loom  weaving,  netting,  teatlier  embi-oiit 
ery,  gourd  work,  metate  milling,  paper  and  bark  cloth;  irrigation. 

(7)  Weapons  were  atlatl  and  spear,  blade<l  clubs,  obsidian  daggers 
bow  and  sling  not  prominent. 

(8)  Dugouts  and  reed  floats,  canals,  professional  caiTiers,  licadknid 
and  b  re  Hatband. 

Antillean  or  insular  area,  called  also  the  West  Indies.  To  this  repion 
belongs  also  southern  Florida,  a  portion  of  the  northern  coast  ot  Soatb 
America : 

(I)  Perpetual  summer  (770  to  82^  F,);  mountainous  insular  areas  in 
deep,  clear  sea;  currents  northwestward;  islands  easily  accessible  out 
from  another. 

{'i)  Granubir  stone,  little  for  chipping,  great  canoe  trees,  cacao:  diuI 
InskK  ami  fish;  great  mammals,  none. 

(.1)  Dietary  of  manioc,  sweet  potato,  cacao,  fish,  iguana,  turtles;  smiff 
and  cigarettes. 

(4)  Clothing  meager,  of  vegetal  fiber  wholly. 

(5)  Thatchwl  shelters  near  the  sea  chiefly,  pile  dwellings,  liammorl>>. 
no  storage,  open  fires,  and  hammock  fires. 

(0)  The  arts  of  Antillom  peoples:  Escollcnt  carving  and  iK>lisliirip"f 
stone  and  wood ;  red  jwHery  rndely  modeled  and  engraved;  diafrmiil 
weaving,  metiite  grinding,  canoe  making. 

(7)  Weapons  were  spears,  clubs,  tomahawks,  with  celt  in  pcrfuniKd 
handle. 

(8)  Sandals  for  foot  travel,  dugout  canoes;  cjirryingon  the  head, pet- 
haps  introduced  from  Africa. 

South  American  mountain  or  Cordilleran  culture  urea,  including  ll* 
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mouutaiiis  and  especially  the  Pacific  slope  of  Colombia,  Ecuador,  and 
Peru.  The  families  of  Indians  were  those  usually  called  civilized. 
The  characteristics  are: 

(1)  Elevated  and  continuous  plateaus  broken  here  and  there  by 
lofty  mountains,  beneath  the  plateaus  vertical  zones  of  climate;  gener- 
ally arid,  desert  in  the  south;  gorges  in  the  west  slope,  coast  x^lain 
little  indented ;  culture  forces  centripetal. 

(2)  Materials  of  arts,  volcanic,  architectural  rocks,  gold  and  silver; 
coca,  reeds,  cinchona,  cacao,  maize,  potato,  beans,  fish,  llama,  guanaco, 
vicunya,  pa<;o;  timber  scarce. 

(3)  Food  of  frozen  potatoes  on  the  plateau;  maize,  beans,  meat,  fish, 
lower  down.    Coca  is  chewed  to  economize  strength. 

(4)  The  clothing  was  woven  stuffs  of  llama  wool  and  cotton,  fine  in 
quality  and  characteristically  figured ;  sandals. 

(5)  The  buildings  were  thatched  huts  in  fortified  villages,  furnished 
with  hammocks  or.  beds  on  the  ground;  open  fire,  dung  fuel,  griddle 
and  ])ot  cooking. 

(6)  The  arts  were  hammering  and  carving  of  stone,  building  with 
huge  blocks,  metallurgy,  pottery  modeling  and  molding;  diagonal, 
twilled,  and  open  weaving;  irrigation,  quipu. 

(7)  Stone-headed  club,  sling,  wooden  saber. 

(8)  Traveling  afoot,  or  on  balsas  of  logs  or  reeds;  carrying  on  human 
backs  or  llamas,  post  roads  and  suspension  bridges. 

Andean  Atlantic  slope,  including  the  eastern  margin  of  Colombia, 
Ecuador,  Peru,  and  Bolivia.  It  is  in  fact  the  loop  in  which  arise  the 
great  rivers  that  feed  the  Amazon.    Its  characteristics  are : 

(1)  A  tropical  piedmont,  sloping  eastward,  profusely  watered  and 
forested. 

(2)  Its  resources  for  culture  have  been  little  studied;  mineral  sub- 
stances are  little  used;  the  vegetation  is  absolutely  overpowering. 

(3)  The  food  of  the  scanty  population  is  fish,  monkeys,  peccary,  and 
such  natural  fruits  as  may  be  found. 

(4)  Little  or  no  costume  was  anciently  worn,  except  in  the  form  of 
ornament,  which  consisted  of  gorgeous  plumage  of  birds  sewed  to  bark 
ch)th  and  teeth  and  pretty  seeds  and  wings  of  gorgeous  beetles  strung 
iu  armlets,  leglets,  and  necklaces. 

(5)  Wooden  houses  thatched  with  palm  leaf  were  the  habitations, 
with  sleeping  bunks. 

(6)  The  arts  ot  hfe  were  those  of  savagery  alone;  little  agriculture 
was  known.  To  hunt,  to  fish,  to  war,  to  combat  nature  and  one  another 
was  their  continuous  occupation.  They  were  good  woodworkers  and 
feather  workers;  had  no  pottery. 

(7)  Weapons  in  this  area  were  and  are  blow  tubes  and  poisoned 
arrows,  rectangular  sectioned,  long  bows,  shields,  trident  lances,  throw- 
ing sticks,  drum  signals,  dried  heads,  ourari. 
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(S)  Travel  afoot  iu  tbo  forests,  now  using  the  ever  faithful  machete; 
use  heudbiiixt  in  carrying;  water  travel  in  canoes  dowu  the  cataracu 
of  the  upiier  rivers. 

Eastern  Brazilian  area,  from  the  Tooautins  Kiver  eastward.  Tbe 
character i^tiirs  of  tliis  area  are: 

(1)  Tropical  climate,  elevated  tahle-lauda  between  sierras,  furestcd, 
rivers  filled  with  cataracts. 

(2)  Little  economic  stone  for  savagery,  or  rather  other  nijeful  8ol>- 
stances  easier  to  work  more  abundant;  gems;  vegetatioD  iminenw; 
food  mammals  scarce;  birdsof  plumage,  tlsh,and  maritie invertebrates 
plentiful. 

(3)  Food  [tartly  natural,  partly  cultivated,  cassava,  fish,  mollnsts, 
turtles. 

(i)  Clothing  little  or  none,  bark  cloth;  decoration  of  the  i>erson  witli 
labrets,  tiittoo,  and  jewelry  of  teeth  and  other  animal  tissues. 

(5)  Immense  huts  and  shelters,  open  below,  thatched  roofs,  ham- 
mocks, central  and  individual  fires. 

(6)  Polislifd  stone,  no  chipping;  (Htttery  massive;  diagonal  weaving; 
shell  heaps  or  sambaquis,  agriculture. 

(T)  Weapons  are  rounded  hows  decorated  with  t^athers  and  geomet- 
ricseizing;  arrows  barbed  with  bone  or  bladed;  riabs. 

(8)  Travel  afoot;  navigation  of  rivers  difficult  by  reason  of  rapid«: 
on  the  coast  of  finizil  canoes  and  house  boats. 

The  central  Brazilian  area,  the  Matt^t  Grosso,  lying  between  the  east- 
ward sloping  roof  of  Brazil  and  the  Amlean  Atlantic  slope,  largely 
between  the  Aragnay  and  the  western  boundary  of  Brazil,  It  is  » 
most  complicated  area  in  its  environmental  resources,  itti  stocks  and 
tribes,  and  its  arts.     Its  characteristics  are: 

(1)  Hot  climate,  wet,  alluvial,  forested;  rivers  Sowing  into  the  Ama- 
zon and  the  Paragaay,  abounding  in  cataracts. 

(2)  Materials  of  arts:  Few  minerals,  re|ilaced  by  bone,  shell,  and 
teeth;  palm  wood,  hard  woods,  excellent  reeils,  gourds,  cotton;  lisb, 
turtles,  birds,  monkeys. 

(3)  Dietary  mixed  vegetableand  animal, cultivatedand  wild:  luaoioc; 
yam,  beans,  tish. 

(4)  Dress,  little;  clouts,  pretty  feather  ornanientB,  jewelry  of  leetk. 
masks,  labrets,  nose  ornament;  no  tatoo. 

(■"t)  Houses  open  shelters  with  palm-leaf  roofs ;  hammocks, open  6res: 
gourd  and  i>ottery  dishes. 

(6)  Tools  of  shell,  teeth,  bone;  spindle,  diagonal  weaving, sand  paint- 
ing, cassava  manufacture,  agriculture;  )>ottery  quite  suggestive  (^ 
mound -builders'  ware. 

(7)  Bows  of  Peru  and  of  east  Brazil  and  intermediary  forms;  arrows 
with  bone  and  reed  points;  throwing  sticks  Aastralian  tyi>e,  clnb^ 
axes. 

(8)  Barefoot  travel,  headband  and  carrying  f^ame;  canoes  of  a  sin^ 
piece  of  bark  ^wooOl  ftVina'i  wadL  &u%<soX%. 
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South  of  the  Matto  Grosso,  or  mixed  region,  lies  the  Argentinian 
pampas,  shading  down  to  Patagonia.  Diftering  much  in  features  from 
place  to  place,  the  culture  is  not  altogether  to  be  dissociated  from  that 
farther  north.    The  characteristics  are: 

(1)  Monotonous  plains,  pampas,  from  high  grassy  chaco  to  the  bleak 
wastes  at  the  south. 

(2)  Only  near  the  western  border  any  stone  for  working ;  fish,  guanaco, 
American  ostrich  {Rhea-  durwinii), 

(3)  Food  consists  of  roots,  fruit,  a<iuatic  products  in  some  places, 
flesh  of  guanaco,  and  rhea;  no  husbandry;  Paraguay  tea. 

(4)  Dress  scanty,  guanaco  robes,  woven  blankets;  foot  gear  of  peltry, 
hair  side  out. 

(5)  The  house,  or  toldo,  of  the  Patagonian  is  an  awning  of  guanaco 
skin;  fuel  of  grass,  open  roasting;  skin  beds;  pappoose hammocks  and 
frames,  the  first  south  of  California. 

(6)  Arts  are  skin  dressing,  sewing  with  ostrich  sinew  thread,  weaving, 
and  hunting;  no  pottery;  no  chipped  stone  southward. 

(7)  The  weapons  were  the  spear,  the  lasso,  and  the  bolas. 

(8)  Locomotion  aboriginally  altogether  afoot;  now  on  horseback. 

The  Fuegian  culture  area  terminates  the  American  Continent  south- 
ward, and  yet  on  this  desolate  point,  55  degrees  south,  Brinton  finds 
three  linguistic  families.    The  characteristics  are : 

(1)  Rocky  islands  with  numerous  inlets  between  dangerous  head- 
lands; cold  and  wet  climate. 

(2)  The  material  resources  are  siliceous  rocks,  beech  trees,  rushes; 
land  mammals  scarce;  marine  fauna  rich;  dogs. 

(3)  The  dietary  is  moUusks  and  fish  largely,  sea  mammals,  whales, 
iungi;  cooking  in  hot  ashes. 

(4)  Clothing  scanty;  a  skin  worn  hanging  on  the  neck  as  a  wind 
break ;  paint  and  ornaments. 

(5)  Their  houses  are  miserable  huts  of  wattling  covered  with  grass; 
no  furniture;  fire  made  with  pyrites  and  carried  about  in  canoes. 

(6)  Their  arts  are  in  wood,  bark,  bone,  and  textile;  shell  knife;  no 
stone  art. 

(7)  For  weapons  they  use  stones  thrown  from  the  hand,  poor  bows 
and  arrows,  barbed  harpoons,  slings,  limpet  sticks,  nets;  no  fishhook. 

(8)  Little  travel  afoot;  small  canoe  sled;  large  canoe  of  beech  bark, 
made  in  three  sections,  to  be  easily  taken  apart  in  portages  across 
headlands. 
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Table  showing  American  enrirommtnU  it 


Are.  .„d  phy.logr.phy.     «"«' "ji»«'?i»;£'«»»' 


1.  Aretie. 

Six  months  day ;  ice  and 
snow ;  count  ry  low 
along  the  coast. 


t.  AthapoMcan. 

Yukon'  and  MackenEie 

drainage;  lowland, 

anbarctic  fauna    and 
flora. 

S.  Algonquin — Iroquou. 

Subarctic  to  temperate; 
lowlands,  prairies,  and 
indented  waterw  a  y  h 
and  coasts. 


4.  Southern  TTniUd  States. 

Rich  rivor  valleys  and 
low  mountains;  abun- 
dant rain ;  Gulf  Coo^t 
subtropical . 


6.  Plains  of  the  West. 

Piedmont  sloping  to  im- 
mense prairies  of  Mis- 
sissippi Valley. 


6.  Xorth  Paeifie. 

Moist,  warm  climat« ; 
arch ipolagnes  and 
mountainous  coaHt. 


7.  Taneovrer  to  Columbia. 

I 
Stem  coast,   prolitlc  in-  ' 

hind  w.aters ;  rich  laiidrt  i 

coast  to  mountains. 


8.  Interior  Basin, 

Parti.ll   desert    among 
mountains. 


Soapstone,  chert,  slate, 
pectolite ;  stunted 
vegetation,  drift; 
abundance  of  fish, 
birds,  and  mammals  of 
sea  and  land. 

Poor  in  industrial  min- 
erals ;  birch,  conifers, 
poplars :  caribon,bear, 
birds,  fish,  and  fur 
animals. 

Quartsite,  sandstone, 
soapstone,  d  i  o  r  i  t  o  ; 
hard  woods,  birch ,  wild 
rice,  tobacco;  game, 
fish,  mollusks. 


Kiver  gravels ;  stone, 
granular  and  siliceous 
in  place ;  timber,  cane, 
tobacco,  maize ;  game, 
fish,  and  sea  products. 


Few  minerals;  jasper, 
pipestone;  apocy- 
num,  bois  diarc ;  buf- 
falo, overwhelmingly. 


Slate,  granular  rock  ; 
immense  forests  o  f 
conifers  ;  sea  fauna 
inexhaustible. 


Siliceous  and  granular 
rocks:  textile  plants 
and  forest  timber, 
edible  roots  ;  fish, 
waterfowl. 

Siliceous  and  stratified 
stone;  few  fish;  deer 
and  other  game :  tim- 


Alimentation. 


l>rca«  and  adoma^t 


Drink  water  only ;  eat  i  Sle<.>ved  coats  asd 
fish,  seal  meat,  whale,  '  hoods  ;  skins  «r 
reindeer,    raw    and  birda,  seal.reindeer. 

seethed.  and  intestinrs;  tat- 

too: labreta. 


Drink  watfer;  meat,  fish 
of  lakes,  berries,  and 
bark. 


Diet  varied,  meat,  fish, 
marine  invertebrates, 
wild  grains  and  fruits, 
maize ;  granaries;  to- 
bacco. 


Fish,  meat,  moUusks, 
maize,  wild  fruits 
abundant;  granaries; 
tobacco. 


Tawfd  caribou  skin, 
nouch  adorned  with 
quill  work  and 
beadH :  gaiter-like 
moccasins. 

Tawed -akin  «hirt  lef- 
gina.moccaijdns  (lov 
and  a<lomedh  tat- 
too and  paint. 


Slight :  deerskin  roU«. 
mantlea    of    wild 
liemp ;  bodies  paint 
ed;  inoccasin». 


Meat;  fish  a  little;  wild      Skin    clothing:  lov 
fruits,  ]>emmican,  kin-  .      luoccaains  :  featli^ 


nikinic. 


and  quill  decors 
tioDs ;  body  paint 
and  mntilations. 


Fish  diet,  mixed  with      Clothing  of  liark  umI 


berries  ; 
pipe. 


snuff  and 


Fish  diet,  mixed  with 
roots  and  lierries ;  no 
agriculture  ;  stone 
boiling  in  basket  and 
pit  roasting. 

Dietary  meager;  bread, 
mush,  soups,  meat; 
in  some  cases  grubs 
«\\^\Tv««fil«  V  hot  stone 


hair,  woven  in  tviz 
ed  pattern;  tail**- 
ing  of  totems. 


Skin  and  bark  doib 
i^S^  gaiter  miMva 
sins ;  head  flatten  ib^ 


Buckskin  cloihinf 
rabbit-skin  n>bi«: 
high  moecasias:  Bt> 
painting  or  tatti«»> 


\ 
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association  with  aboriginal  industries. 


HouMe  and  houAe  life. 


Manufacture». 


Hnnting,  fisliiog,  war. 


I^ocomotion  and  trans- 
portation 


Uuderfiround  igloos  of     Cbipping.SAwing.grlDd- 
eartli  on    tiinbor»  or         ing,  carving  atone  and 


HarpooDfi,    bird   darto,     Fur  bootH,  ire  creeper, 


whalebone;  a  n  o  \v 
huta  and  Humnit-r 
tents;  fttoue  lamp 
stove,  dishes  of  wood. 


hard  tis.sae;  tailoring 
in  akins;  pottery  n 
little  in  the  weat. 


fiah  darta,  lance,  liKh- 
liook,  net,  trap,  bow 
compound  and  ainew- 
backed. 


nlod,  dog,  kaiak, 
umiak  :  anowaboea, 
rnde. 


Conical    bark  lodges;  '  No  pottery;  coiled  baa- 


baaketa,  pots,  and 
dishes  of  wood,  bark, 
and  basketry;  stone 
boiling. 


kctry;  bark  vesaela, 
oxcelleot  skin  dress- 
ing and  working  ; 
curved  knife. 


Biw  and  arrow,  lance,     Snowahoes,  excellent; 


(Conical  and  cylindrical  |  Chipped    and   poliahed 


lodges  of  akin  or  bark ; 
barracks,  shell  heaps ; 
central  ftre;  roasting 
and  boiling. 


nets,  hoolcM,  traps, 
and  pounds,  abundant 
and  varied. 


Club,  stone  knife,  lunce. 
tomahawk,  bow  and 
arrow  plain,  barbed 
spear,  pound,  trap, 
weir. 


stone;  poor  jwttery; 
bark  dugout  and 
wicker  vessels;  mor- 
tar grinding ;  akin 
working ;  twined  bas- 
ketry. 


Chipping  and  polishing  '  Bows  and  reed  arrows, 
stone ;  gray  pottery, 
stamped  ;   diagonal  ' 
weaving.  I 


b  1  o  w    tubes,    weirs, 
tomahawks. 


Huts  of  cane,  with  mud 
chinking,  grass 
hnlges,  earthworks, 
snell heaps;  oi)en fire, 
smoking,  roasting, 
seething. 


Skin  lodgea  in  circles;  '  Stone    chipping;    pipe  ,  Little   fishing  ;     plain, 


bark  canoes,  tobog- 
gans, dogs ;  m  u  c  h 
jiortage. 


On  foot ;  in  canoes  and 
•   dugouts ;  snowshoes, 

do;;s,  and  portages  at 

the  north. 


On   foot;    dugout   ca- 
noes; raftaof  cane. 


earth  lodge ;  furniture 
and  utensils,  and  fuel 
from  the  buffalo. 


Communal  barracks; 
totem  posts,  central 
fires  :  furniture  and 
utensils  of  atone  and 
woo<l ;  stone  boiling  in 
dngouta. 

Communal  bouses ;  fur- 
niture in  greatly  va- 
ried textiles;  tire  in 
pits. 


Shelters ;  live  ont  of 
doors ;  stick  beds ;  ves- 
sels of  twined  baskets, 
pitched  ;  mush  bas- 
keta:  Are  outaide. 


making:  hammer- 
stone,  hafte<l ;  twined 
basketry  ;  quill  and 
hide  work ;  little  pot- 
tery. 

Carve<l  wood,  alate,  bone ; 
twined,  square,  tind 
diagonal  weaving  in 
wood, bark,  and  grass : 
no  pottery. 

Flinty    and    granular 
stonework;   carving  i 
in  soft  and  hard  mate-  { 
rial ;  no  pottery ;  bos-  i 
ketry  of  five  types. 

Chipping  stone;  no  pot-  ' 
terv;  good  skin  work- 
ers ;   twined  baskets 
for  vessels;  seed  gath-  ] 
ering,    milling,    and  < 
cooking. 


compound,  and  siuew- 
1>acked  bow,  short  ar- 
row, club,  lance,  tom- 
ahawk. 


Harpoons,  floats,  gigs, 
weirs ;  arts  created  by 
fishing;  daggers, skin 
armor,  slat  armor, 
slave  killer. 


Har]>oon, club,  fish  hook, 
traps;  daggers,  bows 
and  arrows. 


On  foot  and  snowshoes ; 
bull-l>oat;  dog  and 
horse  for  riding  and 
packing. 


Sinew-lined  bow,  plain 
arrow,  short  clubs ; 
round  shields. 


Dugout  canoes  alto- 
gether ;  little  land 
travel  except  i)ack- 
ing  over  the  moun- 
tains. 


Dugouts,  bark  lioats, 
monitor  shape; 
open-work  snow- 
shoes;  paeking  over 
the  mountains. 

No  artificial  travel  ; 
carrying  in  conical 
baskets  with    hend- 


SM  95- 
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Tmkie 


Jai 


y.  Calif tfmia  and  Oreyon. 

Short  valkrjH  \a0AxltA  «>d- 
closio:;  rivcTM  stoeke>l 
with  nea  prodort*. 


Chief  miiMTBlfi.  plaalA. 
and  aniniA]*. 


Xo  rlar.  sUiceoiu  and 
fiiabk  stooe;  fibrmu 
plantA,  frutta,  aad 
voodaabaDdant ;  lUh. 
■iollaaks,  and 


Dietarftak.1 
pinroB: 


JO,  Puddo  rtyion. 

t 
Arid  meiiaM  and  eanyotui     Shalea,    claya,    gema.- 

aiDoag  mountatna:  ir-  ^      meiiqnit«,   jncca. 

rfcahle  landa.  ^      *l^^««  oak ;  deer,  rab- 

bit, autfelope.  eoyoie, 
pmiia. 


Maisa.  pnlae,  meloDs. 
little  aieat;  griddle 
and  eookiaic  pot. 


U.  Middle  America, 

If  oiintainn    and    table-     Friable  atone,  obaidiao,     Maise  grmmd,  fnjoka, 

land*,  wfrt  and  dry  nea-  ;      jade-like  stone,  aUver        griddle  cooking: 

•on,  iitothcmi    %Y^    to  ,      yacca,  agave,  cotton,        pulque,  nieacaL  cacao, 

W^   F.;    vertical   cli    j      niaize,beana,  peppers,  1      iguana. 

mate  sonoa.  flah,  birds. 

I 
li.  Littoral  and  Intular  i 


Amerieoi.  \ 

Perpetual  annimer;   no 
snow;  monntaina  and  j 
insular  arean  in  deep, 
clear   sf^aii ;    currents 
north  westward. 

IS.  CordiUerat  of  South 
A  meriea. 

Elevated  plateaus,  witli 
hlKh  mountains, 
gorges,  desert  coast, 
rainless,  vertical  cli* 
mate  zones. 

14.  Andean    A  llantie 
Slope. 

Orinoco,  Amazon,  Maian- 
yon,   Madeira,    Napo, 
etc.;     tropical     prod- 
ucts ;  well  watered  and  ' 
forested.  1 

1.1.  Kattern  Brazil. 

Tro])lcal ;  elevated  table- 
lands 1)etw(>en  low 
sierras;  forested ; 
rivers  full  of  cataracts. 


Granular  stone,  no  chip- 
ping :  shells,  great 
canoe  trees,  cacao, 
manioa^  no  ^reat 
mammals:  fishes, 
birds,  and  mollusks. 


Fish  and  moUnak,  ca- 
cao, caaaava,  batatas, 
turtle,  iguana,  chicha, 
snufT. 


Volcanic    rocks,    gold  Bread  of  maize,  pota- 

and  silver ;  maize,  po-  toes,     fish,     llama, 

tatoes,    cotton,  coca,  guanaco,    coca,    chi- 

cinchona,    cochineal;  |      oha,  salt, 
llama. 


Minerals  scarce:  vege- 
tation reeking :  ani- 
mal life  arboreal  and 
aquatic. 


Fish,  turtle,  monkeya, 
peccary,  manatee. 


I 


Friable  stone,  clay ;  for-  Some  maize  and  caasara, 

ests,  palm  trees,  hard-  1  but  chiefly  on  natural 

woods ;  mollusks  and  pnKlncts  of  the  soil ; 

fish.                                I  roaating  and  boiling. 


fringrd  skirt«.i 
waocemMmA 


Tawed  akin  am 
ven  ^amHmtA 
merlv  rabbit  t 
featherx  and  p 
no  tattooing. 


'Woven  and  bark 
menta,  aandal 
t  wine,  bata.  fei 
worh.  labretA. 


JLattle  clothing,  I 
cloth,  feather  w 


Woven  stuils  of 
ton  and  wool : 
dala,  poncfae. 


Bark  cloth;  k»i 
ornament*,  jevi 
of  teeth. 


Cotton,  bark  cM 
scanty  ckchis 
labreta. 
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asaoeiation  xciih  aboritjiHal  industries — Continaed. 


House  and  house  life. 


Manufactures. 


Insignificant  shelters, 
some  under  ground; 
no  onler  in  camps; 
shell  heaps, granaries ; 
fire  in  doors. 


Excellent  stone  chip- 
ping; composite  mor- 
tars: seven  styles  of 
basketry ;  twine,  nets. 


Under  ground,  crater,  ,  Polishing   and    boring 


cave,  cavate,  c  1  i  tf, 
raena,  and  lowland 
pueblos;  ladders;  fur- 
niture and  utensils  of 
clay  and  textiles  ; 
ovens  and  open  fire. 

Thatched,  and  daubed 
hut,  cut-stone  build- 
injTM  and  temples, 
hammocks,  granaries. 


stone ;  smooth,  paint- 
ed pottery;  basketry 
five  kinds,  cloth ;  wall 
building;  irrigation. 


Hunting,  fishing,  war. 


Sinew-lined  bow  and  ex- 
quisite arrows,  fish 
spears,  slat  armor, 
traps. 


Locomotion  and  trans- 
portation. 


Poor  boats,  rafts;  no 
snowshoes  ;  conical 
carrying  baskets 
with  headband. 


Bows  and  arrows  rude ;  '  On  foot  only ;  carrying 
throwing  clubs ;  nets  with  headband  and 
for  birds  and  rabbits ;  |  toting  with  head- 
spears  and  axes.  |      ring ;    Kandals    and 

moccasins. 


Stone  hammering  and     Atlatl  and  spear,  bladod     Dugoute,   reed  floats. 


Thatched  huts,  often 
daubed  or  on  posts; 
hammocks;  no  stor- 
age ;  chairs  from  sin- 
gle bloiik. 


chiseling,  gem  cut- 
ting, grotesque  and 
painted  pottery,  pa- 
per, bark  cloth;  irri- 
gation canals. 


No  chipping ;  excellent 
carved  and  polished 
yokes,  semis,  etc. ;  red 
pottery,  stamped; 
Ahellwork  and  wood 
carving. 


Fortified     villages;  '  Hammered  stone ;  huge 

buildings,  little  carv- 
ed; metallurgy;  jit- 
tery modeled;  diago- 
nal weaving,  embroi- 
dery, quipu. 


thatchtnl  huts;  lied 
on  the  ground;  clay 
dishes;  oiien  fire; 
llama,  dung  fuel. 


clubs,  obsidian  dag- 
gers, spears,  slings; 
bows. 


professional  carriers 
using  headband  and 
breastband,  wearing 
sandals. 


Clubs,  throwing  sticks, 
sharks'  teeth,  sword 
clnbSf  spearSf  toma- 
hawk, or  oelt  in 
pierced  handle. 


On    foot ;    sandals  of 

textile;    dugout  ca- 

n<K«H;  headband  for 
carrying. 


Sling,  club  with  or  with-  Afoot;  lug   and    ree<l 

out    stone    or    metal  balsas;   carrying  on 

hea<l,  saber  of  hard-  \  men  and  llamas ;  nus- 

wood.                              I  pension    bridij:eH; 

i  couriers. 


Wooden  houses,  thatch  •     Work    in    wood    with 


oil :    sleeping   bunks, 
couvade. 


tools  of  teeth,  bone, 
and  shell. 


Immense  huts  and  slie'i-  '  Pottery,  diagonal  weav- 
ters,  hammocks,  cen-  '  ing,  agriculture;  on 
tral  fire,  shell  heaps.         the  waters  extensive 

I      fishing. 


Blowtube,  poisoned  ar- 
rows, square  sec- 
tioned bow,  dried 
heads,  shields,  trident 
lances,  drum  signals. 


Roundo<l  bows,  dei'u- 
rated ;  barbed  a  n  d 
bladed  arrows. 


Afoot  little:  canoes  of 
bark ;  lit^adband  in 
carrying. 


Travel    afoot ;    canoes 
and  houHe  Ixiats. 
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Table  ahowitig  AnuTican  enriro»mait$  in 


Ari'n  and  physiography 

16.  Mato  GroMo,  Central 
HotUh  America. 

Hot ,    all  u vial ;    u  ]>  p  e  r 
waters  in  torrents. 


Chief  minerals,  plants, 
and  animals. 


Alimentation. 


17.  Argentina  and  Pata- 
gonia. 

Monotonous  pampas, 
grassy  plains  to  bleak 
wastes  south ;  treeless. 


IS.  Fuegian. 

HcKtk  ialandM;  precipi- 
tous; cold  and  wet; 
55^  south. 


Few  minerals ;  bone  and 
shell :  palm,  hard- 
W0041,  reed,  gourd, 
cotton;  turtles,  plum- 
age birds,  monkeys. 


Pampas  grasses;  huan- 
aco;  rhea. 


Maixe,  cassava,  yams, 
beans,  turtle  eggs, 
llMh,  smoking,  roast- 
ing, cooking  pot. 


Orena  and  adommf-nt 


Little;  pretty  feath- 
ers and  teeth: 
masks,  ncMe  oms- 
ni  e  n  t  a  :  n  (»  bark 
caoth. 


Siliceous  stone;  rushes, 
beech,  msiriue  fauna, 
birds,  dogs ;  few  mam- 
mals. 


Roots,    some    fish    and 
sea  pro<lucts ;  flesh  of 
ostrich  and  himnaeo; 
open    roasting    with  ^ 
grass  fuel. 

Sea  animals,  verte- 
brate and  in  vert4*- 
brat« ;  fungi ;  no  stor- 
age ;  open  fire. 


Fur  moct-asins,  haan- 
aco  rol>04i.  woven 
blanketa. 


Scanty  -.  skin  of  seal 
etv. .  for  w  ind-bre:«k ; 
paint  and  adorn- 
lucnt. 
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asaociaiion  with  aboriginal  industries —Contiuned. 


House  and  lionae  life. 


MannfactaroR. 


Open  Hbelters.  palm  Toolsof  shell,  bone,  and 
liutn  and  roofs ;  ham-  I  teeth;  diagonal  wcav • 
mocks;  open  flro,  ing:  pottery,  ajfric  iil- 
goiird  and  clay  uten-         tiire;     graters;    sand 


»iU. 


Skin  tolderias  or  nwn- 
inj;$i,  open  lire,  grass 
fuel,  cradle  frames, 
skin  lieds. 


Miserable  huts  of  wat- 
tling covered  with 
grass;  no  furniture; 
fire  made  with  py- 
rites. 


painting. 


No  pottery,  no  stone 
working;  weaving, 
skin  dressing,  ostrich* 
Binow  thread. 


Little  stone  art;  bark, 
l>one,  textile  work, 
shell  knife. 


Ilunting,  flshiug,  war. 


Locomotion  and  tram*- 
portatiou. 


Mixed    kinds   of     bow  , 
and  arrow,  throwing  | 
Htick,  clubs;  nx:  fish 
poison. 


liare  foot  ed ;  h  e  a  d  - 
band  and  fnmie  for 
carrying;  wood 
8kin.<4  lor  boat>s. 


Bolas;  8]>oar,   hand  ,  Traveling    afoot    and 
noose.  on  horse. 


Throwing  stones,  poor     Section    canoes    of 
bows     and     arrows,         Ih'OcIi  bark  for  port- 
slings,     barbed     bar-         ujie;  canoe  sh'd. 
poons,   lim]M^t    stick, 
nets. 
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THE   COHPBBHBNSIVE   ENVIUONHKNT. 

In  closing,  I  desire  to  call  your  special  attention  to  tbe  ever  increag- 
inti  size  and  variety  and  compreliensiveneBS  of  the  term  euvironiuent 
as  culture  bas  advanced.  At  flrBt,  in  what  may  be  called  tlie  c^'ntrifu 
gal  condition  of  human  evolution,  the  execution  of  limited  environments 
went  hand  in  hand  with  the  production  of  rwes  and  varietie8  of  pety 
plea  and  langna(;eis  and  typical  groups  of  industries.  Tbe  overstepping 
of  tlie  boundaries  of  these  in  the  course  of  time  produced  many 
changeH  of  the  profoundest  significance  in  men  and  their  activities. 

First.  The  increase  of  knowledge  was  accompanied  with  the  refine- 
ment, the  intensifying,  and  tbe  multiplication  of  desires  and  the  tneiuii 
of  gratifying  them. 

Second.  These  demanded  longer  journeys  and  the  perfectino  of 
machinery;  changes  in  <-ommerce  and  the  ministers  of  enjoyment. 

Third.  They  demanded  modification  and  iDcrea.se  of  cooperative 
forces,  of  language,  of  law,  of  knowledge  and  intelligeoce. 

Fourth.  Growing  by  what  it  fed  upon,  these  irresistible  tendeni'ie» 
seized  the  whole  earth,  and  henceforth  it  was  one  oikonmenf,  oae 
enclave,  one  environment. 


KNVIRONMBNT   THE  OTOASION   NOT  THE  CAUSK  OP   INDUSTRIES. 

From  one  imint  of  view  it  would  appear  that  all  mankind  and  all  art» 
are  the  outriglit  proiluct  of  this  cunning  environment.  But  a  sobw 
view,  while  it  gives  to  the  latter  all  deserved  encomiam  beholds  in  tbe 
ingenious  human  creature  the  true  source  of  all  arts.  I  do  not  kno» 
a  better  proof  of  this  than  the  fact  that  the  withholding  or  the  conceal- 
ing of  gifts  by  nature  acts  as  a  stimulus  to  ingenoity.  Take,  for  exam- 
ple, the  bow.  There  are  regions  where  the  wood  for  this  implement  is 
perfect,  as  in  South  America,  or  the  bard-wood  forests  of  Easleni 
United  States.  Here  the  very  embarrassment  of  riches  lead  men  to  bf 
satisfied  with  a  very  i>oorly  made  bow. 

Now,  the  characteristics  of  a  good  bow  are  rigidity  and  cOasticilT. 
When  our  ingenious  friend,  the  Indian,  climbed  the  eastern  slopes  of  tb^ 
Kocky  Mountains,  away  from  the  hard  wood  forests,  ho  invoked  the  maa 
mals  to  yield  the  sinew  fn»m  the  leg  or  the  scapula  and  with  this  hf 
glues  an  elastic  back  upon  his  poor  implement,  or  unites  two  or  thn* 
boms  80  as  to  get  his  effect,  the  middle  piece  giving  the  colomnar  resi^ 
tance,  the  wings  putting  to  flight  the  arrow.  By  and  by  yoa  approatti 
the  Hyperborean  man,  you  ask  him  how  he  is  going  to  have  a  bo*. 
Be  tells  yon  that  he  is  in  the  current  of  progressive  culture  whose  li' 
is  "  the  poorer  the  environment  the  greater  the  ingenuity."  It  is  tni 
that  he  has  only  brittle  driftwood,  that  glue  will  Dot  hold  in  histoM 
and  damp  dime,  and  that  materials  for  arrows  are  scarce.  Tbe  resiB 
of  this  is  the  sinew-backed  bow  and  the  harpoon  arrow,  together  thi 
most  comp\icftte*V  aai  m^eawi^ft  4ct\q»  ft^fet  oautcived  by  savage  mioii 


INFLUENCE  OP  ENVIRONMENT  UPON  HUMAN  INDUSTRIES.      663 

The  bow  wood  has  one  virtue,  that  of  rigidity.  By  an  ingenious  wrap- 
ping of  hundreds  of  feet  of  tine  sinew  thread  or  braid  from  end  to  end 
along  the  back  with  half  hitches  on  the  limbs,  at  every  danger-point 
the  virtue  of  elasticity  is  added  and  you  have  one  of  the  most  quickly 
responsive  implements  in  the  world.  The  arrow  is  quite  as  cleverly 
conceived,  for  it  pierces  its  victim,  acts  as  a  drag  or  log  to  impede  its 
progress  and  by  its  feather  as  a  signal  to  the  hunter  in  following  his 
victim. 

I  am  sure  I  should  weary  you  if  I  should  undertake  to  repeat  this 
process  of  thought  through  the  endless  varieties  of  architecture,  cook- 
ing, living,  dressing,  manufacturing,  and  going  about.  The  story  is 
the  same.  If  men  waut  houses,  stoves,  furniture,  clothing,  tools,  power, 
or  carriages  or  boats,  they  invent  them,  spite  of  en viroument,  or  rather 
by  knowing  and  mastering  the  environment.  As  the  size  and  shape  of 
a  cast  is  conditioned  by  the  mold,  not  caused  by  it,  industries  are 
molded  in  the  environment. 

ALL  ARE  NOT  IN  THE  OURRENTS  OF  CULTURE. 

And  now,  in  thanking  you  for  your  patience,  let  me  say  that  in  our 
comprehensive  epoch,  when  all  sunshine  and  all  lands,  and  all  winds, 
and  all  streams,  and  all  terrestrial  phenomena,  and  all  history  form  the 
I  single  and  organized  environment  of  every  mind,  it  depends  on  each 
nation  and  each  individual  to  say  how  much  it  or  he  will  enter  into  the 
conscious  occupation  of  this  estate.  Here  in  the  nation's  capital  you 
may  find  men  and  women  who  can  not  read  or  perform  any  skilled 
labor  whatever,  who  are  the  survivals  of  long  past  ages  of  ignorance 
and  inexperieuce,  who  are  only  in  the  eddies  of  culture — in  the  zone  of 
calms.  Here  also  are  the  great  minds  of  the  world  in  touch  with  all 
culture.  Between  the  two  extremes  are  we,  each  and  all,  and  I  should 
be  untrue  to  you  if  I  did  not  implore  each  one  before  me  to  strive  to  be 
in  the  moving  current  as  much  as  possible.  We  are  the  heirs  of  the 
ages  and  do  not  desire  to  be  their  prodigal  son. 

DUTIES  OF  THE  FRIENDS  OF  TECHNOGRAPHIC   SCIENCE. 

When  we  turn  our  eyes  toward  that  wonderful  piece  of  architecture 
and  sculpture  called  the  earth,  we  need  not  ask  in  what  laboratory  it 
was  executed.  Time  and  Law  were  the  workmen.  The  hills  are  almost 
as  old  as  the  earth,  the  streams  of  water  are  as  old  as  the  hills,  the  con- 
tours and  coast  lines  are  more  ancient  than  man.  All  the  forms  of 
l)hysiographic  and  vital  existence  are  open  for  our  study.  The  ground, 
the  waters,  and  the  air  have  been  associated  in  the  production  of  the 
earth  as  we  now  have  it.  More  than  all  else  the  earth  is  the  '^heir  of 
all  the  ages." 

I  need  not  tell  a  company  of  educated  students  that  the  living  body 
of  man  is  the  inheritor  ot  all  general  biological  laws.  To  ac(\ual\\.t 
ourselves  with  these  laws  and  to  obey  them  is  YiaU  \Xi«>\i^XXXft  q.1  >^^. 


I  i 

'  I 
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Now,  few  of  us  have  learned  this  lesson  and  none  of  us  profit  by  it 
In  that  perfect  day  that  is  to  come  the  heir  of  all  tlie  ages  will  look 
upon  every  indulgence  that  is  fatal  to  life  and  to  full  iutellectual  activity 
as  a  sin  and  a  crime  against  humanity  akin  to  maiming  aud  murder. 

But  there  are  higher  laws  of  existence  and  the  ages  have  richer 
treasures  than  gravity  aud  physics  and  chemistry  and  biology. 

A  great  philosopher  of  the  past  tells  us  that  the  spiritual  life  and 
the  conquest  of  the  earth  are  better  than  the  ownership  of  the  e<irth. 
This  is  what  Tennyson  meant  by  the  ages  of  which  you  are  the  heir. 
The  substitution  of  beast,  water,  steam,  and  electric  power  for  mere  bod- 
ily power;  the  substitution  of  mechanical  devices  aud  engineenng  for 
the  hands  and  the  arms  of  men ;  the  development  of  literature,  paint- 
ing, lace  work,  engraving,  sculpture,  music,  architecture,  and  laud- 
scape  out  of  the  natural  sights  and  sounds  of  the  world ;  the  origination 
and  perfecting  of  language;  the  gnidual  organizatiou  of  the  family^ 
society,  and  government;  the  ever- improving  explanation  of  the  cos 
mos  and  ourselves  called  science  and  philosophy;  the  more  ide4il  aud 
less  grossly  material  unfolding  of  the  spirit  world  aud  the  divice  life 
within  us  are  the  inheritance  of  the  present  generation. 

The  heir  of  the  ages  is  one  who  owns  the  ages.     He  is  the  master  of 
the  ages,  not  their  slave.    Their  lands  and  resources,  their  powers  and 
machines,  their  productions  and  commerce,  their  accumulations  aud 
enjoyments  are  liis  to  control.    The  heir  of  the  ages  is  a  uiaster  spirit. 
He  causes  the  fire  to  burn,  he  is  not  consumed  by  it;  he  causes  the 
waters  to  flow,  he  is  not  overwhelme<l  by  them;  he  passes  througb 
the  deep,  the  deep  can  not  enter  him;  he  rides  on  the  wings  of  the 
wind;  he  harnesses  the  lightning  to  his  chariot.    He  is  now  the  reiiliza 
tion  of  the  myth  of  Orpheus,  at  whose  touch  the  rapid  rivers  imktii 
ceased  to  flow,  the  savage  beasts  of  the  forest  forgot  their  wilduess,and 
the  mountains  moved  to  listen  to  his  song.    All  nature  in  his  presence 
wore  new  charms.     But  the  comparison  does  not  stop  there.     This  all 
conquering  son  of  Apollo,  stricken  for  the  loss  of  his  sensuous  Eurydice. 
pursue  d  her  to  the  under  world.    He  was  allowed  to  lead  her  themt 
on  the  promise  that  he  would  not  look  back.    But  when  he  turned  to 
gaze  on  his  lovely  Eurydice  she  vanished  forever  from  his  sight.    In 
unconsolable  grief  he  gave  himself  to  melancholy  and   wsis  torn  r*' 
pieces  by  drunken  Thracian  women.    They  threw  him  into  the  Hebni^ 
and  it  is  said  that  its  waters  as  they  roll  to  the  sea  still  whisper  Eurrd 
ice,  Eurydice!     And  thus  the  heir  of  all  the  ages,  like  a  prodigal  bini. 
])erished  in  the  electric  light  of  his  own  passions. 

There  is  a  special  sense  in  which  this  particular  body  of  hearers  ar^ 
the  heirs  of  all  the  ages.  It  is  as  the  children  and  the  heirs  o(  sci 
ence.  Changing  events  and  diversities  of  ambitions  and  interests  vil! 
bring  other  men  to  our  side  and  drive  them  away  again.  But  thesfcuop 
of  our  intellectual  kinship  is  upon  us.  Into  our  keeping  mnstoronuM 
to  fall  her  interests  and  her  good  name.    You  should  ever  be  foreman 
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in  unselfish  devotion,  in  zeal  that  looks  for  no  recompense,  in  love  that 
springs  from  intellectual  maternity. 

One  by  one  or  in  groups  the  guardians  of  the  past  are  surrendering 
their  trusteeships.  To-day  it  is  a  great  secretary  or  a  genius  among 
discoverers  wlio  lays  aside  his  pen;  to-morrow  it  is  a  brilliant  inventor 
or  master  mechanic;  the  next  day  it  is  a  cunning  hand  that  carries  to 
the  dark  chamber  its  pencil  or  chisel  which  it  can  not  will  away;  anon, 
a  generous  patron  of  science  lives  no  more. 

Now,  who  of  all  human  beings  should  have  a  true  and  abiding  inter- 
est in  the  preservation  of  these  honored  careers  f  Whose  hearts  should, 
bleed  when  such  men  die?  Whose  hearts  should  be  glad  when  they 
are  honored,  who  in  their  unwritten  wills  gave  and  bequeathed  to  their 
children  and  heirs  to  have  and  to  hold  so  long  as  they  live  and  to  hand 
down  with  accrued  interest  and  betterments  to  their  successors  all  true 
knowledge,  all  skill  acquired  with  infinite  pains,  all  the  harvest  of 
human  industries  that  have  been  raised  upon  the  generous  and  fertile 
environment  called  earth  ? 


THE  JAPANESE  NATION— A  TYPICAL  PRODUCT  OF 

ENVIRONMENT.' 


By  Gardiner  G.  Hitbbard. 


Of  all  countries  of  the  earth,  none  have  made  such  wonderful  and 
rapid  progress  in  form  of  government  and  in  the  development  of  indus- 
tries and  commerce,  and  such  great  changes  in  its  conditions  of  envi- 
ronment as  Japan.  This  country,  which  twenty-live  years  ago  was 
almost  unknown,  has  come  forward  to  take  its  place  not  only  as  the 
foremost  of  oriental  powers,  but  in  the  sisterhood  of  nations.  While 
we  marvel  at  this  wonderful  change,  a  glance  at  her  geographic  posi- 
tion, her  internal  and  industrial  resources,  a  brief  study  of  her  past 
history,  and  of  the  character,  manners,  and  customs  of  her  people  will 
help  us  to  understand  her  i^resent,  and  perhaps  to  foretell  something 
of  her  future.  Both  the  old  and  the  recent  development  show  Japan 
to  be  a  typical  i)roduct  of  environment. 

In  the  geographic  position  of  Japan  and  Great  Britain  there  is  a 
striking  resemblance;  both  consist  of  a  group  of  islands  with  exten- 
sive seacoasts,  indented  with  numerous  excellent  harbors,  and  bathed 
by  equatorial  currents;  their  insular  position  protecting  them  from 
invasion  by  land,  and  offering  every  opportunity  for  commercial  inter- 
course. Almost  within  sight  of  each  lies  a  continent  densely  popu- 
lated, affording  a  market  for  productions  and  manufactures;  both  are 
rich  in  mines  of  coal  and  iron  ore.  The  mines  of  Great  Britain  built 
up  and  then  stimulated  her  manufactures,  and  these  developed  com- 
merce and  banking  facilities,  and  made  England  the  first  manufactur- 
ing, commercial,  and  financial  power  of  the  world.  The  mines  of  Japan 
are  developing  her  manufactures  and  her  commerce,  and  she  must 
become  the  first  commercial  power  of  the  Orient. 

The  Empire  of  Japan  is  composed  of  four  large  and  three  thousjkfld 
small  islands,  forming  an  arc  of  a  large  circle,  extending  from  the  north- 
east, within  a  few  miles  of  Kamchatka,  southwest  about  2,000  miles, 
and  with  Formosa,  nearly  3,000  miles,  from  an  arctic  climate  to  one  of 
perpetual  spring  and  everlasting  summer. 


>  Saturday  lecture  in  Assembly  Hall  of  the  United  States  National  Museum.  May 
9,  1896. 
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A  long  range  of  high  mountains  follows  the  general  trend  of  the 
islands  from  northeast  to  southwest,  culminating  in  the  beautiful  \yesk 
of  Fujiama,  12,365  feet  high.  Volcanoes  and  earthquakes  give  to  Japan 
its  name  of  "Earth(]uake  country."  From  the  mountains  clear  and 
rapid  streams  make  rich  the  valleys,  while  inland  seas,  dott<?d  with 
small  islands,  beautiful  bays,  and  numerous  harbors,  contribute  to  make 
Japan  a  nation  of  sailors,  and  to  cover  the  waters  with  vessels  and 
boats;  the  whole  making  a  picture  of  surpassing  beauty.  The  land- 
scape is  a  continuous  succession  of  lofty  mountains  and  valleys,  look- 
ing out  on  these  inland  seas,  while  the  labor  of  centuries  has  brought 
the  valleys  and  mountain  slopes  to  a  high  state  of  cultivation. 

Leaving  the  geography  of  Japan,  let  us  glance  a  moment  at  it**  his- 
tory and  see  how  that  has  been  affected  by  its  geographical  conditions 
and  inlluenced  by  its  environments. 

The  oldest  existing  race  is  the  Ainos,  who  now  live  in  the  northeast- 
ern islands  of  the  Empire,  the  coldest  and  least  desirable  portion.  Thej 
originally  occupied  the  greater  portion  of  Japan,  but  were  di8f>ossessed 
of  their  lands;  driven  far  north  or  enslaved,  and  so  gradually  inter- 
mingled with  the  subsequent  immigrfints,  who  were  stronger  races. 
These  immigrants  came  from  the  islands  of  the  Pacific,  from  China, 
Korea,  and  Mongolia.  Into  the  southern  portion  of  Japan  came  inhab- 
itants of  the  Malay  and  Polynesian  type;  into  the  center  came  the 
Koreans  and  Chinese,  while  into  the  north  came  men  of  the  Mongolian 
type. 

The  habitable  portions  of  Japan  are  on  or  near  the  shore;  this  gives 
easy  communication  by  water  to  all  parts  of  Japan,  and  has  led  to  the 
mingling  of  its  races  and  the  formation  of  the  Japanese  nation. 

OLD  JAPAN. 

In  former  times  the  Mikado,  as  the  earthly  representative  of  the 
Deity,  ruled  with  absolute  power.    But  by  degrees  the  Mikado  and 
his  court  becoming  weak  and  effeminate,  the  real  power  x>£issed  from 
the  court  and  civil  rulers  to  the  army.    The  military  officers  gradmUlj 
withdrew  from  court  to  fortified  camps,  and  subsequently  built  castles, 
where  they  lived  surrounded  by  their  military  retainers  and  depend- 
ents.   They  embodied  in  their  customs  and  mode  of  life  most  of  the 
features  of  the  feudal  system  of  Europe.    Thus,  in  two  widely  sepa 
rated  portions  of  the  world,  each  without  knowledge  of  the  other, 
similar  environments  produced  like  systems,  and  at  about  the  same  era. 
To  the  introduction  of  this  system,  unknown  in  any  other  part  of  Asia. 
Japan  is  greatly  indebted   for  its  subsequent  development,  for  each 
castle  bt^came  a  center  of  civilization  and  of  an  independent  growth. 
The  military  oflicers  of  the  Mikado  became  Daimios,  or  territorial  lonls 
and  barons,  living  in  fortified  castles  scattered  over  the  country.   Tber 
usurped  all  the  oflices,  compelled  the  people  to  become  subject  to  them, 
and  through  the  VaV^ot  oi  t\i^^^^^\\'*vv.v\v>;y\\xvid  Uvr^e  hereditary  revenaeSi 
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Subordiuate  to  the  Daimios  were  the  Saiimuri,  the  military  class 
employed  by  and  dependent  on  the  Daimios,  liv'ing  on  their  estates, 
faithful  and  loyal  retainers.  Under  the  8amauri  were  the  working 
classes,  serfs,  little  better  than  slaves. 

Subsequently  one  of  the  Daimios  usurped  the  civil  power,  nominally 
acting  as  the  minister  of  the  Mikado,  calling*  himself  the  Shogun. 
Thus  the  Shogun  acquired  the  temporal  power  and  control  of  the  army, 
leaving  the  Mikado,  who  had  always  been  withdrawn  from  public 
sight,  only  the  priestly  office  and  the  honor  attached. 

We  have  been  in  the  habit  of  regarding  Japan  as  a  hermit  nation, 
without  any  relation  with  the  outside  world.  Fortunately,  she  has  not 
been  allowed  to  live  permanently  isolated  from  the  rest  of  the  world. 
Her  conditions  of  environment  have  been  largely  influenced  by  three 
great  waves  of  civilization  which  have  swept  over  her.  The  first,  from 
Asia,  in  the  sixth  century,  brought  Chinese  literature  and  Buddhism. 
The  second,  in  the  sixteenth  century,  from  Europe,  brought  the  mer- 
chants of  Portugal  and  Holland  and  the  Jesuits  from  Spain.  The  lust, 
in  the  nineteenth  century,  brought  the  civilization  of  America  and 
Europe,  with  the  Christian  religion. 

The  eft'ect  of  China  on  the  art,  religion,  and  literature  of  Japan  we 
shall  consider  later. 

The  merchants  of  Europe  had  commercial  relations  with  Japan  for 
about  seveutv-ftve  years,  between  1550  and  1625.  With  the  tradeis 
came  the  Jesuits,  Xavier  and  his  associates,  who  made  many  proselytes, 
probably  six  or  seven  hundred  thousand.  This  contact  with  European 
civilization  wrought  important  changes  in  Japan,  though  not  percepti- 
ble to  us. 

During  the  last  part  of  the  sixteenth  century  persecution  began,  the 
Japanese  asserting,  and  some  believing,  that  the  priests  were  endeav- 
oring to  overthrow  the  Government  and  to  convert  Japan  into  a  pa])al 
province,  and  that  Christianity  tended  to  lessen  reverence  toward 
parents  and  ancestors,  a  prominent  feature  of  the  Japanese  religion. 
This  persecution  continued  until  the  middle  of  the  seventeenth  century, 
when  the  Christians  had  all  either  renounced  their  faith  or  had  been 
put  to  death.  We  are  told  that  the  annals  of  the  i)rimitive  church  fur- 
nish no  instances  of  greater  heroism  or  constancy  than  those  of  the 
Christians  of  Japan. 

This  attempt  to  establish  commercial  relations  with  Europe  and  intro- 
duce Christianity  resulted  in  the  sealing  of  Japan  against  all  commu- 
nication witli  the  outside  world  for  two  hundred  years,  in  the  expulsion 
of  all  foreigners,  and  in  the  prohibition  of  all  intercourse  between  the 
natives  and  foreigners,  save  with  the  Dutch,  at  one  point.  It  was  made 
a  capital  offense  to  teach  or  preach  the  Christian  faith,  and  Japanese 
were  forbidden  to  leave  Japan  under  ])ain  of  death  and  confiscation  of 
their  i»roi)erty. 

^Notwithstanding  these  laws  and  the  leeling  of  tiie  ])eople,  some  li^ht 
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from  abroad  continued  to  shine  apon  Japan.  Shipwrecked  crews  were 
cast  upon  the  shores;  foreigu  8hii>8  were  seen  sailing  past,  and  occa- 
sionally iiut^honMi  in  some  port  for  water  or  repairs  or  trade.  By  e)ow 
degrees  a  few  Japauuse  became  desiroos  to  see  more  of  these  foreign- 
ers, for  although  outside  barbarians,  they  yet  knew  many  things  of 
which  tlie  Japanese  were  ignorant.  These  inqnirers  and  seekers  »ftet 
knowledge  beloiigt'd  to  the  class  of  men  we  call  radicals. 

Aboutthemiddteof  thtsceiitury,  theMikado,  amaDof  greater  ability 
than  his  predecessors,  detormined  to  recover  the  power  formerly  wrested 
from  his  ancestors,  and  oti  conference  with  some  of  tbe  Daimios  found 
they  were  dissatisfied  with  the  Government  of  the  Shognn  and  desired 
to  lestore  the  power  to  the  Mikado,  " for  all  men  hated  the  Shofun 
while  all  men  loved  the  Mikado."  The  radicals  natnrally  joined  the 
Mikado,  thinking  any  change  woald  give  greater  freedom  and  lead  to 
intenwurse  with  that  other  world  of  which  they  knew  so  little;  others  of 
a  conservative  tomperameut  as  naturally  desired  the  reeatablishment 
of  the  old  system.  Many  were  therefore  united  in  opposition  to  the 
Shogun. 

It  was  about  this  time,  viz,  1$53,  that  Matthew  G.  Perry,  commander 
of  a  naval  expedition  of  the  TJnitod  States,  visited  Japan  and  <lemanded 
the  opening  of  certain  ports  to  American  commerce.  After  making 
known  his  mission  he  left,  xaying  that  he  should  return  and  then  remain 
until  the  ports  of  Japan  were  opened.  The  next  year  he  retome*!  and 
renewed  his  demands  with  great  taet  and  moderation.  The  Shogun. 
dudiug  himself  without  support,  was  compelled  to  yield  and  sigu  tbe 
treaty.  England  and  other  European  powers  immediately  followed  the 
example  of  America,  and  compelled  Japan  to  make  treaties  with  them. 
The  jKtrts  were  opened  in  18;)9  aud  1860,  but  for  several  ye:ir8  there 
was  very  little  trade;  the  lives,  even,  of  foreigners  were  unsafe  away 
from  their  Hag.  It  was  only  by  alow  degrees  that  Western  civilization 
was  brought  to  •lapau  and  the  barriers  to  intercourse  and  progress 
removed.  The  Mikado  slowly  recovered  his  old  powers,  while  tbe  Sho- 
gun lost  all  his  authority. 

Then  old  Japan  passed  away;  the  physical  environmenta  remained, 
all  others  were  changed.  An  cxpcritiient  novel  in  history  began.  Tbe 
closed  country  was  opened ;  instead  of  the  exclusion  of  foreigners,  they 
were  invited  from  all  parts  of  the  civilized  world.  Katives  under  the 
old  regime  had  been  forbidden  to  leave  Japan  under  pain  of  destk 
Now,  a  commission  of  the  highest  nobles,  with  four  cabinet  minister*, 
was  sent  to  the  United  States,  Germany,  England,  and  France,  to 
study  their  systems  of  government,  education,  Hnance,  justice,  and  reli; 
ion,  and  tbe  organ iitatiou  of  their  armies  aud  navies.  Japanese  youths 
were  sent  abroa<l  for  education,  and  men  of  high  reputation  were  broiiglit 
from  other  conntries  as  professors  aud  teachers.  The  Japanese,  tfaon^ 
respecting  themselves  and  their  own  civilization,  realized  that  in  man; 
respects  it  differed  from  that  of  Western  nations,  and  was  capable  of 
development. 
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Their  financial  and  educational  systems  were  modeled  on  those  of 
the  United  States,  Germany,  and  England;  their  judicial  system  was 
borrowed  from  the  codes  of  half  the  nations  of  Europe;  their  navy 
upon  the  English ;  their  army  upon  the  German  system. 

In  1871,  the  Mikado  became  convinced  that  the  overthrow  of  the 
feudal  system  was  necessary,  because  opposed  to  modern  life.  He 
therefore  issued  an  edict  requiring  the  Daimios  to  surrender  their 
territorial  rights  and  revenues,  to  disband  their  retainers  and  depend- 
ents, and  to  retire  to  private  life.  They  generally  obeyed,  removing  from 
their  castles  to  the  large  cities.  For  the  privileges  they  surrendered 
they  received  an  annuity  equal  to  one-tenth  of  their  old  revenues,  with 
relief  from  the  maintenance  of  their  dependents.  An  annuity  was 
given  to  the  Samauri,  and  freedom  to  the  serfs. 

Bussia,  Japan,  and  the  United  States  each  emancipated  their  slaves 
or  serfs  between  1861  and  1871.  Bussia  emancipated  about  49,000,000 
serfs  and  sold  to  them  the  lands  they  had  cultivated  for  their  masters, 
for  a  fixed  price,  payable  in  annual  installments,  running  through  fifty 
years.  Japan  emancipated  about  20,000,000  serfs  and  gave  to  them 
the  land  they  had  cultivated,  subject  only  to  the  usual  tax  on  real 
estate.  The  United  States  emancipated  about  3,000,000  slaves  without 
any  provision  for  their  benefit,  save  the  enactment  of  laws — sometimes 
enforced.    The  former  serfs  of  Japan  are  now  its  peasants  and  farmers. 

In  old  Japan  education  was  not  common,  though  a  considerable  por- 
tion of  the  people  could  read  and  write.  In  1872,  the  following  edict 
was  passed:  <'It  is  intended  that  education  shall  be  diffused,  and  there 
shall  not  be  a  village  with  an  ignorant  family,  nor  a  family  with  an 
ignorant  member."  Education  is  now  compulsory.  The  chairs  in  many 
of  the  universities  were  at  first  filled  by  Americans  and  Englishmen; 
but  as  soon  as  the  Japanese  realized  that  they  had  secured  from  for- 
eigners all  that  they  could  give,  and  that  they  could  help  themselves, 
without  being  dependent  on  foreigners,  they  dismissed  them — not  all  at 
once,  but  gradually.  This  was  carried  so  far  that  when  the  Japan-China 
war  began  there  was  not  a  single  foreign  oflScer  in  either  army  or  navy. 

Quite  recently  the  Japanese  converts  have  dismissed  the  professors 
in  their  theological  seminary,  asserting  that  the  missionaries  are  unduly 
conservative,  and  not  abreast,  of  the  best  scholarship  of  America  and 
Germany ;  while  the  Japanese  scholars  possess  advantages  in  the  study 
of  theology,  from  their  freedom  from  prejudices  growing  out  of  Christian 
tradition. 

In  1876,  Sunday  was  adopted  as  an  official  holiday,  and  all  acts 
against  Christians  were  repealed. 

In  1877,  an  edict  was  issued  forbidding  the  Samauri  to  wear  the  long 
and  short  swords  which  they  had  carried  for  generations — the  first  for 
combat,  the  second  for  "hara-kari."  In  no  country  has  the  sword  been 
an  object  of  such  honor  as  in  Japan,  for  it  was  a  divine  symbol,  a 
knightly  weapon,  and  a  certificate  of  noble  birth.    It  was  the  lif<& 
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and  soul  of  their  order,  yet  on  a  single  day  it  was  finally  and  silently 
laid  aside,  and  the  old  order  passed  away  forever.  The  best  skill  of 
the  artisan  had  been  lavished  on  the  mannfactnre  and  oruameDtation 
of  this  weapon,  at  once  the  terror  and  safeguard  of  society.  It  is  said 
that  the  politeness  of  the  Japanese  is  largely  due  to  the  wearing  of 
this  weapon,  for  the  sword  once  drawn  could  not  be  sheathed  without 
the  shedding  of  blood.  When  subsequently  the  law  was  repealed  and 
the  wearing  of  swords  permitted,  the  Sainauri  did  not  resume  them, 
for  they  had  ceased  to  be  a  symbol  of  rank. 

GOVERNMENT. 

In  1889,  the  Emperor  perceived  that  further  changes  in  the  Govern- 
ment were  required,  and  in  fulfillment  of  a  promise  made  several  years 
before  gave  a  written  constitution  to  his  people,  limiting  bis  own  pow 
ers  and  establishing  a  parliament,  with  a  representative  form  of  gov 
ernment.  Parliament  was  inaugurated  by  a  procession,  in  which  the 
Emperor  and  Em^iress  appeared  together  for  the  first  time  in  public 
and  as  equals.  Under  the  old  regime,  no  subject  saw  the  Mikada 
except  his  wives  and  chief  minister,  for  the  people  bad  been  tau<rht 
that  no  one  could  see  the  face  of  the  Mikado  and  live,  while  the  Queen 
was  treated  as  his  inferior. 

The  reorganization  of  the  Government,  the  compensation  to  the  Dai- 
mios  and  Samanri,  and  other  expenses  in  making  these  changes,  e^^ 
ated  a  large  debt,  for  which  bonds  were  issued.    Nearly  all  these  were 
taken  and  held  in  Japan.    The  total  amount  of  debt  January  1,  IS^ 
was  $286,326,000,  exclusive  of  war  debt;  interest,  5  -per  cent.     Tlie  debt 
had  been  reduced  $42,400,000  in  eight  years  prior  to  1894.     The  paper 
money,  formerly  at  a  heavy  discount,  has  been  greatly  reduced,  and 
is  now  redeemed  at  par  in  silver.    The  finances  at  the  opening  of  tbe 
war  were  on  a  better  basis  than  in  most  of  the  countries  of  Europe. 
Taxes,  formerly  unknown  to  the  people,  were  imposed,  and  increased 
from  time  to  time,  by  the  Government.    This  occasioned  much  dissat 
isfaction,  but  when  the  war  broke  out  opposition  to  the  Goveromeot 
was  changed  to  patriotic  feeling,  and  all  classes  joined  in  support  d 
the  Emperor. 

ROADS. 

Another  cause  which  has  contributed  very  gi*eatly  to  tbe  making rf 
Japan  into  a  nation  is  its  good  roads,  which  have  been  for  a  long  tiiw 
better  than  in  most  other  countries.  One  of  the  main  roads  of  th# 
Empire  is  called  the  Tokaido,  or  East  Shore  road,  running  from  Kioto 
to  Tokyo,  about  300  miles.  Along  this  road  are  fifty-six  stations^  or 
posthouses.  All  their  large  cities  are  connected  by  wide  roads,  witli 
sidewalks  and  trees  on  either  side,  kept  in  repair  by  tbe  General  (p>^ 
ernment,  with  tea  houses  at  convenient  distances.  Provincial  roai^ 
connect  the  principal  towns  in  each  province,  country  roads  the  small 
towns;  these  aie,  maVwl^Aue-d^t^^^ctively,  by  the  provinces  and  to^^ 
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There  are  few  horses  iu  Japan,  and  all  travel  is  either  on  foot  or  by 
conveyances  carried  or  drawn  by  men.  The  norimon,  or  kaga,  a  kind 
of  sedan  chair,  was  formerly  used,  but  the  jinrikisha  is  now  the  com- 
mon carriage — a  conveyance  introduced  within  the  life  of  the  present 
generation,  said  to  be  a  development  of  a  missionary  baby  carriage. 

The  first  railroad  was  constructed  in  1870;  now  between  2,000  and  3,000 
miles  are  in  operation.  These  are  largely  patronized,  the  travel  increas- 
ing every  year.  Other  roads  are  in  process  of  construction.  A  few  of 
the  railroads  were  built  by  the  Government,  most  of  them  by  private 
companies  at  a  small  cost,  as  labor  is  cheap. 

JAPANESE  CUSTOMS. 

• 

It  is  impossible  for  the  foreigner  to  understand  the  operation  of  the 
mind  of  the  Japanese,  and  equally  difficult  for  the  Japanese  to  under- 
stand ours.  Their  environment,  their  lives,  religion,  customs,  habits, 
thoughts,  and  opinions,  inherited  from  generations,  are  not  only  unlike, 
but  are  generally  opposed  to  ours.  For  instance,  while  we  consider  the 
relation  of  husband  and  wife  as  the  most  sacred,  a  Japanese,  in  com- 
mon witli  the  oriental  world,  is  taught  to  regard  the  paternal  relation 
as  the  most  sacred.  A  Japanese  who  would  leave  father  and  mother 
for  his  wife  would  be  looked  upon  as  an  outcast;  therefore  the  Bible, 
teaching  that  '^a  man  shall  leave  father  and  mother  and  cleave  unto 
his  wife,"  is  regarded  as  irreligious  and  immoral.  The  fiimily  in  Japan 
is  not  only  the  unit  of  social  life,  but  the  father  as  head  of  the  family 
exercises  supreme  authority  over  the  children  and  grandchildren.  The 
doctrine  of  ancestral  worship,  prevalent  in  Japan  and  China,  arose 
from  reverence  and  obedience  to  the  head  of  the  family;  but  as  it  sub- 
jects the  will  to  another  it  deprives  the  inrfividual  of  personality. 

WOMEN. 

We  are  told  that  "the  Japanese  women  are  the  crowning  charm  of 
Japan,"  and  that  the  key  to  their  life  is  obedience  and  subjection  to 
the  will  of  another.  For  generations  the  women  have  been  taught 
that  the  three  great  religious  duties  of  woman  are  obedience,  as  a 
daughter,  to  her  father;  as  a  wife,  to  her  husband;  as  a  widow,  to  her 
eldest  son.  The  wife  wears  mourning  when  she  leaves  her  parents 
to  become  the  member  of  another  family,  while  the  absolute  control  of 
her  life  and  will  is  transferred  from  her  father  to  her  husband. 

The  women  are  not  as  well  educated  as  the  men,  yet  in  the  literature 
of  Japan  there  are  many  poems  written  by  them.  They  mingle  much 
more  in  social  life  than  in  any  other  Asiatic  countries,  and  the  Japa- 
nese girl  is  regarded  by  Asiatics  much  as  the  American  girl  is  regarded 
by  Europeans.  Women  are  not  secluded  in  harems,  yet  as  in  all  ori- 
ental countries  their  lives  are  spent  at  home,  withdrawn  from  associa- 
tions outside  the  family  circle.  In  the  upper  circles  the  man  and  wife 
neither  take  their  meals  nor  appear  together. 
SM  95 43 
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Infitead  of  clubs,  the  Japtmeae  frequent  tea  bouses,  where  danctD^ 
girls  »nd  musicians,  cnlleil  "  gaialias,"  are  foumi,  for  relaxiUion.  social 
ititer<»)urse,  and  aiuuscment.  These  girls,  associating  with  men  and 
taught  to  interest  and  amuse  them,  become  to  a  certaiu  estent  edu- 
cated, acqnire  conversational  ability,  and  often  have  more  intlu«]ii; 
over  the  man  tlian  has  the  wife.  That  tlie  tlevetopnieiit  of  a  nutHni 
detieiids  us  mucli  on  the  women  as  on  t)ie  men  is  ;i  principle  not  yet 
appreciated  in  Asia,  and  its  recognition  is  one  of  the  great  blessing 
that  Japan  will  acquire  from  Europe. 

JAPANESE    DBE8S. 

A  few  years  ago  many  Japanese  sabstitnted  the  European  dress  for 
the  oriental  as  an  evidence  of  civilization,  but  they  soon  realizMl  clut 
it  was  nnauited  to  Japanese  life  and  that  its  adoption  would  leail  t*> 
the  introduction  of  Western  domestic  customs  and  the  abandontiM'nl 
of  tlieir  ancestral  habits;  a  reaction  followed,  and  they  generally  decidd 
to  retain  their  own  dress.  In  the  army,  navy,  police,  and  hi  busini^'- 
houses  fashioned  on  foreign  models,  tlie  European  dress  has  bt«i 
adopted  as  moat  convenient.  Although  requirefl  in  court  circles,  «»i« 
officials  who  are  comi>6lled  to  wear  tbe  European  dress  take  it  o<)'a-< 
soon  as  they  return  home.  One  very  wealthy  uoblenmn  occnpie* » 
double  house — one  half  his  Japiiuese  home,  in  which  he  lives;  theoibn 
half  furnished  in  tire  French  style,  where  he  receives  foreign  visitoP 
and  officers  of  the  court.  The  kimono,  a  long  dress  open  in  from,  Et» 
tened  around  tlie  waist  by  a  girdle,  is  the  principal  garment  of  Iwti 
sexes,  and  is  better  fitted  for  sedentary  than  active  life. 

If  Japanese  women  take  tbe  position  that  women  bold  with  us.  tb«t 
mnst  change  their  dress  to  suit  tlieir  new  occupations.  This  will  ir 
quire  them  to  give  up  their  quiet  life  and  live  among  men,  and  «•*■ 
as  now,  at  home.  We  trust  they  will  retain  their  exquisite  taste  iii  (k 
beautifhl  designs  and  colors  of  their  silk  and  cotton  textnres  even  if 
they  change  the  fasliion  of  their  dress. 

BtriLDINGB. 

The  Japanese  houses  usually  receive  light  and  atrnotfmni  tbestrfft. 
but  from  small  courts  or  gardens  in  the  rear.  Tbe  entire  side  of  i^ 
bouse  on  tbe  garden  is  movable,  so  that  the  interior  can  be  thrown  open 
to  the  day  and  sun  light.  Tbe  houses  generally  have  ovcrbiin^inf;  roi>^ 
which  are  either  shingled,  tiled,  or  thatched.  The  rtoor  is  raised  from  I? 
iiicliea  to  2  feet  above  tlie  ground,  and  tbe  space  between  the  tloorawl 
ground  is  generally  left  open  for  the  air  to  blow  through.  The  hoai«^ 
are  usually  small  and  low,  trom  6  to  8  feet  in  height;  the  parti tiunssrv 
wooden  panels  3  feet  wide,  sliding  in  grooves  in  the  floor  and  ceilinp.anJ 
covered  with  paper.  Neither  paint,  varnish,  oil,  nor  finish  is  ased  ain*" 
tbe  house.  Instead  of  windows  they  have  screens  covered  with  tl"" 
white  papei,pTOtWite4otiftift  o\>.t»,\4*,li"j  sliding  shutters.    As  tlie  peopfc 
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sit  upon  the  floor,  they  have  no  need  of  furniture.  For  seats  they  have 
mats,  all  of  the  same  size  and  alike.  The  size  of  the  room  is  known  by 
the  number  of  mats  on  the  floor.  Upon  these  mats  the  people  eat, 
sleep,  and  die.  They  are  bed,  chair,  lounge,  and  table  combined. 
Their  meals  are  served  in  lacquer  dishes  on  the  floor.  The  mats  at 
night  are  covered  with  wadded  quilts,  put  away  in  the  daytime, 
and  on  these  they  sleep.  The  houses  are  without  fireplaces,  chim- 
neys, or  smoke,  being  heated  by  braziers  of  charcoal.  Every  house 
contains  one  or  more  vases,  and  often  hanging  baskets  flUed  with  flowers 
arranged  with  greater  taste  than  with  us,  while  the  paper  upon  the 
panels  forming  the  partitions  is  ornamented  with  drawings  and  pictures 
more  beautiful  than  those  we  And  in  our  homes.  Fireproof  buildings  are 
attached  to  many  of  the  large  houses,  into  which  furniture  and  valuables 
can  be  movexl  in  case  of  Are.  Some  writers  criticise  the  houses  of  the 
Japanese  because  they  are  built  of  such  frail  materials  and  so  loosely 
l>ut  together,  forgetting  that  these  typical  Japanese  houses,  though 
entirely  unsuited  to  our  life,  are  better  fitted  for  earthquake-shaken 
Japan  than  buildings  of  wood  and  stone.  A  few  hundred  dollars  will 
buy  and  furnish  a  good  and  commodious  house.  Mr.  Morse  tells  us  that 
his  house  in  Tokyo  was  21  by  31  feet,  with  an  annex  15  by  24  feet,  with 
vestibule,  hall,  and  kitchen — seven  rooms  and  nine  closets.  The  cost 
of  the  house  was  about  $1,000,  on  a  lot  one-quarter  of  an  acre  in  extent 
which  cost  $330;  annual  tax,  $5. 

Public  baths  are  universal,  and  for  a  cent  or  two  one  may  have  a  hot 
bath,  while  for  the  house  they  have  bath  tubs  made  with  ovens  for 
heating  water.  That  the  Japanese  are  a  most  cleanly  race  is  apparent 
in  their  houses,  their  workshops,  and  in  the  care  with  which  they  look 
aft«r  everything  in  their  charge. 

Western  architecture  has  been  adopted  for  buildings  in  which  West- 
em  occupations  are  carried  on — as  the  post-offices,  custom-houses, 
breweries,  and  cotton  mills — but  even  in  these  buildings  they  have  often 
developed  purely  oriental  features. 

LANGUAGE  AND   LITEBATUEE. 

The  Japanese  language  is  a  combination  of  the  tongues  of  the  ancient 
inhabitants  of  the  islands,  and  is  therefore  unlike  other  languages. 
Literature  was  introduced  into  Japan  from  China  with  the  religion  of 
Buddha;  but  the  words  and  the  pronunciation  have  been  so  softened 
to  fit  the  melodious  Japanese  tongue  that  a  Japanese  can  not  under- 
stand a  Chinese  nor  a  Chinese  a  Japanese.  As  a  large  proportion  of 
the  Chinese  characters  are  used,  it  is  not  difficult  for  a  Chinese  and 
Japanese  to  communicate  by  writing. 

The  difficulty  of  learning  to  write  the  Japanese  language  is  very 
great,  as  in  addition  to  the  Japanese  alphabet  some  15,000  to  20,000 
Ohinese  characters  must  be  memorized  and  the  eye  and  hand  trained 
to  distinguish  and  delineate  them.    It  is  said  that  it  t^q\vv\t^%  ^<^^i^w 


and  poetry.  Many  of  the  legends  are  very  beautiful,  full  of  po 
feeling  and  fancy,  and  as  they  are  generally  written  in  Japane^ 
largely  read  by  the  common  people. 

As  science  and  arts  are  unknown  to  the  Asiatics,  their  languag 
insufficient  for  the  requirements  of  the  highest  intellectual  and  sc 
tific  culture. 

RELIGION. 

The  earliest  religion  of  every  savage  tribe  is  the  expression  of 
and  dread  of  the  unknown  and  a  desire  to  propitiate  the  niystei 
both  evil  and  good,  and  is  always  largely  affected  by  the  environm 
In  Japan  earthquakes  average  two  a  month,  and  one  hundred  iu 
revolution  of  the  moon  are  not  uncommon.  Almost  every  momii 
top  is  or  has  been  a  crater  from  which  the  molten  lava  has  flo^ 
down,  destroying  many  a  village  and  town.  Floods  of  rain  on 
mountains  often  cause  great  landslides  and  inundations,  destroy 
towns  and  cities,  while  once  or  twice  a  year  the  typhoon,  most  dreac 
in  its  ravages,  must  be  expected.  These  all  aflTect  the  mind  and  in 
ence  the  religious  feeling.  The  God  of  Thunder,  of  the  Earthqiia 
and  the  Dragon  all  men  worshiped.  The  earthly  rejiresentatire 
the  Deity  was  the  Mikado,  whom  all  men  reverenced,  feared,  a 
obeyed.  In  the  family  ancestral  worship — reverence  and  obedience 
the  child  to  the  father  during  his  lifetime — was  taught.  This  priDci] 
has  been  unfavorable  to  the  development  of  the  race,  as  it  involves  t 
sacrifice  of  independence,  free  will,  and  personality. 

The  mythology  of  Japan  abounds  with  beautiful,  romantic,  and  wa 
stories,  the  foundation  of  much  of  its  art  and  poetry.  As  the  iiitelk 
tual  progress  of  the  people,  their  art  and  literature  were  develops 
the  need  of  a  religion  hiL'her  and  more  sniritual  than    Sliinfnism— i 


THE   JAPANESE   NATION.  677 

The  influence  of  this  religion  was  not  confined  to  the  daily  life,  but 
acted  upon  the  literature  and  art. 

For  a  time  it  seemed  as  if  Buddhism  would  supplant  Shintoism  and 
become  the  religion  of  Japan,  but  instead  of  that  it  elevated  and 
spiritualized  Shintoism,  so  that  it  regained  much  of  its  hold  upon  the 
people.  The  priesthood  is  not  a  caste,  nor  is  the  whole  life  of  the  priest 
devoted  to  religious  observances.  In  the  Shinto  temple  neither  idols, 
images,  nor  pictures  are  found  5  only  the  altar  on  which  are  laid  offer- 
ings of  fish  and  fruit.  At  different  times  emiiient  men  in  each  of  these 
religions  have  formed  sects,  with  many  followers. 

Christianity  has  made  many  converts  in  Japan  since  the  ports  were 
opened,  vshose  numbers  are  steadily  increasing,  but  Buddhism  is  still 
their  religion. 

ABT. 

The  art  of  the  Japanese  differs  from  that  of  the  Aryan  or  Indo- 
European,  for  it  is  not  as  with  them  the  grafting  of  one  style  upon 
another,  but  the  accumulated  knowledge  of  many  centuries,  unaffected 
by  foreign  influences.  Within  its  confined  scope  it  was  in  advance  of 
the  art  of  other  nations  when  the  country  was  opened  to  foreigners. 
For  her  art  as  well  as  her  literature,  Japan  is  undoubtedly  indebted  to 
China  and  Korea,  as  among  the  most  skillful  workmen  of  the  famous 
Satsuma  faience  are  the  descendants  of  Korean  artists.  After  the 
introduction  of  art  its  development  was  greatly  promoted  through 
the  influence  of  the  feudal  system.  The  Daimios  required  swords  and 
armor,  and  their  retainers  were  employed  in  their  fabrication.  What- 
ever time  or  labor  was  required  to  produce  the  finest  and  most  beauti 
ful  article  was  freely  given,  and  thus  skillful  artists  were  trained  first 
in  the  fabrication  of  swords,  and  then  in  works  of  art.  There  was 
great  rivalry  among  the  Daimios  and  these  artists  to  produce  the  most 
beautiful  works,  and  this  rivalry  was  further  stimulated  by  the  (mstom 
of  sending  beautiful  presents  from  one  lord  to  another. 

Pictorial  art  has  never  attained  any  great  importance,  but  the  dec- 
orative and  industrial  art  of  Japan  is  original,  and  excites  the  admira- 
tion of  the  world.  The  children  early  use  the  brush  in  making  the 
many  lines  and  curves  required  to  form  the  complicated  Chinese  char- 
acters, and  thus  acquire  that  accuracy  of  eye  and  skill  of  hand  neces- 
sary for  artistic  work.  They  have  no  knowledge  of  the  architecture  or 
art  of  Egypt,  Babylon,  and  Greece,  on  which  that  of  Europe  and 
America  is  founded.  They  know  little  of  either  scnlpture  or  music  in 
their  highest  development,  and  their  delineations  of  the  human  form, 
although  showing  skill,  are  only  bizarre  and  grotesque;  but  they  have 
the  closest  and  most  sympathetic  appreciation  of  tiature  in  her  most 
delicate  and  beautiful  aspects,  and  their  exquisite  representations  of 
the  varied  forms  of  animal,  insect,  and  plant  life  make  their  work  the 
wonder  and  envy  of  our  Western  artists. 

In  porcelain,  pottery,  and  lacquered  ware  and  in  meUv\«»  ?a\'\\ycw\T.^'^ 


auu  111  r>eriiu  witu  tut?  ceieurai/cu  iruu  auu  uixiii/^e  wufk  oi  inai  irapu 

while  tbey  could  be  sold  at  a  price  below  that  of  Enroi>ean  article 
similar  kind. 

But  the  environment  was  changed;  different  and  newer  work  e 
cially  designed  for  the  European  market  called  for  and  produce 
great  quantities  and  this  new  demand,  unfortunately,  does  not  reqi 
the  taste,  beauty,  and  delicacy  which  characterized  the  early  pnM 
tions. 

There  is  no  better  illustration  of  the  modification  in  Japanese  di^c 
tive  art  resulting  from  outside  influence  than  in  the  pottery  kn< 
commercially  by  the  name  "  Satsuma.-'  The  Satsuma  jKitteries  b 
been  in  operation  for  many  centuries,  and  their  products  are  hi^ 
prized  by  the  Japanese.  The  true  Satsuma  ware,  snch  as  is  found  in 
cabinets  of  Japanese  collectors,  is  always  small,  of  graceful  form,  n 
simple  decorations  of  flowers  and  birds  so  disposed  as  not  to  covi-r 
the  delicate  crackled  glaze  which  they  greatly  admire.  The  Satsu 
ware  most  highly  prized  by  many  European  and  American  collect 
is  quite  different,  being  usually  in  the  form  of  large  plaques  or  vaf 
covered  with  elaborate,  theatrical  paintings  of  men  aud  wonieiL 
brilliant  costumes,  absolutely  obscuring  the  color  and  texture  of  t 
ware.  Nor  is  it  a  product  entirely  of  Satsuma,  the  decoration  bei 
applied  in  Tokyo  and  elsewhere. 

With  the  increase  of  the  demand,  the  individual  workman  is  ^ivi 
place  to  men  and  women  crowded  together  in  factories  using  uiachinei 
where  the  personality  of  the  workmaii  disappears. 

In  considering  the  art  of  Japan  and  the  great  progress  made  in  tl 
and  other  departments,  we  must  bear  in  mind  that  this  developiue 
has  been  on  lines  in  which  the  Japanese  had  formerly  been  disti 

miiRhp.d.  for  thAv  hsivA  iU^pnninliRh aH  littlA  in  fl.nv  nf  thA  arts  unrl  a^ionn 
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grotesque  masked  helmets  to  frighten  the  enemy,  with  chain  and  lac- 
quered armor  for  defense  and  protection,  and  were  commanded  by  a 
man  with  a  fan.  In  1871,  their  old  arms  were  thrown  aside;  experi- 
enced officers  from  France  and  Germany  organized  a  new  army,  with 
continental  conscription  and  regular  training.  The  transformation  was 
rapidly  carried  out  without  diminishing  the  warlike  spirit  of  the  Japa- 
nese. In  January,  1893,  before  the  Japan-China  war  broke  out,  Japan 
had  an  army  which,  though  small,  would  not  have  done  discredit  to 
any  of  the  nations  of  Europe  in  organization,  discipline,  and  equip- 
ment. Its  actual  fighting  strength  was  between  60,000  and  70,000  men, 
with  power  to  call  a  much  larger  reserve  force  into  the  field.  The 
Japanese  had  then  neither  great  machine  shops  nor  facilities  for  build- 
ing ships,  nor  for  the  manufacture  of  large  cannon,  but  they  acquired 
from  Europe  armaments,  ships,  cannon,  and  equipment  for  their  army. 

NAVY. 

The  position  of  Japan,  with  its  inland  seas  and  good  harbors,  early 
led  them  to  become  good  sailors.  The  vessels  of  old  Japan  have  been 
replaced  by  a  large  fleet  of  sailing  vessels  and  steamers. 

In  the  recent  war  between  Japan  and  China,  the  two  countries 
present  strong  contrasts.  Its  opening  found  Japan  fully  prepared,  all 
plans  for  the  campaign  rapidly  made;  China,  without  any  plans.  The 
navy  of  each  nation  composed  of  the  best  modern  ships  and  guns  built 
in  Europe;  the  «Tapanese  fully  equipped  and  manned  by  their  own  offi- 
cers, the  Chinese  officers  generally  aided  by  Europeans.  The  fleets  of 
China  now  either  lie  at  the  bottom  of  the  ocean  or  fly  the  flag  of  Japan, 
enrolled  in  its  navy.  The  campaign  was  as  well  planned  and  carried 
out  by  Japan  as  the  campaign  of  Grermany  against  France  in  1870. 
The  war  was  the  contest  of  civilization  against  barbarism,  of  intelli- 
gence with  ignorance. 

The  ports  of  China  were  opened  to  foreign  commerce  before  those  of 
Japan,  and  China  had  for  a  long  time  more  intercourse  and  larger  com- 
mercial relations  with  Europe  than  Japan.  But  China  represents 
ancient  conservatism,  neither  change  nor  progress,  stagnation  with- 
out life.  What  China  was  three  thousand  years  ago  that  she  is  to-day, 
while  Japan  represents  entirely  new  conditions  of  environment,  fol- 
lowed by  the  most  rapid  and  striking  development  the  world  has  ever 
witnessed. 

Japan  is  not  only  the  foremost  nation  of  the  East,  but  her  civiliza- 
tion compares  in  many  ways  favorably  with  that  of  Europe. 

INDUSTRIAL  EBA, 

The  natives  of  Asia,  unlike  those  of  Africa  and  America,  have  always 
been  industrious,  economical,  and  hard  workers.  They  have  not,  there- 
fore, to  learn  the  hardest  of  lessons — to  work — but  only  to  apply  their 
work  in  new  directions. 


l-i 
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Although  the  ports  of  Japan  were  uominally  opened  in  1854^  it  was 
not  until  the  appointment  of  Commissioner  Harris,  iu  I860,  that  aoy 
trade  was  carried  on.  From  a  very  small  beginning  it  slowly  but 
steadily  increased  each  year  more  and  more  rapidly.  At  first  all  kintls 
of  foreign  goods  were  bought  and  found  a  ready  market;  the  import^ 
largely  exceeded  the  exports,  and  the  balance  was  xiaid  iu  gold  aud 
silver,  the  accumulation  of  centuries. 

Then  came  hard  times  for  Japan ;  imports  fell  off,  for  the  i>eople  bad 
no  means  to  pay  for  them.  Xext  came  the  great  exx>ositions  in  Eorope 
and  America  and  a  demand  for  the  products  of  Japan — ^their  tea.  silk, 
and  art  works — so  great  that  the  balance  of  trade  turned  in  their  favor. 
A  good  market  for  cotton  goods  among  the  Japanese  was  created, 
and  to  supply  this  demand  the  manufacture  of  cotton  yarn  into  cloth 
was  commenced,  and  then  as  the  demand  increased,  factories  were 
started  with  machinery  imported  from  the  United  States.  Then  cotUm 
was  imported,  more  factories  built,  the  machinery  copied  and  made  by 
the  Japanese.  Now  Japan  is  exporting  cotton  goods  to  India  and 
China  in  competition  with  England,  and  will  soon  supply  the  market 
of  the  nations  on  the  Indian  and  Pacific  oceans. 

Until  1860,  all  commerce  between  Japanese  porta  were  in  Ja])aDese 
junks  aud  boats,  then  English  and  American  steamboats  took  their 
place  for  a  few  years,  only  to  be  supplanted  by  Japanese  steamships, 
and  now  one  of  the  Japanese  steamship  companies  is  among  the  largest 
in  the  world.  They  are  now  sailing  to  the  islands  of  Australasia  and 
India;  soon  the  Japanese  Hag  will  be  seen  at  Tacoma  and  San  Fran- 
cisco, and  will  ere  long  drive  out  English  and  American  vessels  from 
the  carrying  trade  of  the  Pacific  for  the  same  reasons  that  they  hare 
driven  their  vessels  from  the  Japanese  waters.' 

The  opening  of  the  ports  was  followed  by  the  establishment  of 
foreign  banking,  mercantile,  and  trading  houses.  Their  number  rap- 
idly increased,  and  the  trade,  both  wholesale  and  retail,  was  carried 
on  by  foreigners,  and  all  suits  between  foreigners  and  natives  were 
tried  by  foreign  consuls.  Gradually  Japanese  retail  shops  were  ojiened 
in  the  ports,  then  wholesale  warehouses  and  banking  houses  were 
started,  and  treaties  made  by  which  Japanese  tribunals  were  substi 
tuted  for  foreign  courts.  Soon  all  this  foreign  trade  must  pass  iDto 
Japanese  control. 

When  we  see  what  one  generation  has  accomplisheil,  and  remember 
that  those  whose  fathers  knew  nothing  about  cotton  or  eotton  goods, 
nothing  of  machinery  or  manufactures,  are  becoming  large  maDQ 
facturers  and  supplying  Asia,  we  begin  to  realize  the  magnitude  of  the 
change,  and  wonder  what  will  be  the  ultimate  result  of  these  new  con- 
ditions of  environment  to  Japan  and  the  world.  The  preparation  began 
on  a  small  scale  some  years  ago  has  been  steadily  carried  on.    The 

'Sinco  the  above  was  written,  a  contract  has  been  made  for  a  line  of  Japao«^ 
steamers  to  ytly  between  the  ^orta  of  Japan  and  Seattle  in  coimeGtion  with  oor 
northern  railroadw. 
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rapid  moautaiu  torrents  with  their  falls  furnish  water  for  electric  power, 
her  numerous  and  extensive  coal  fields  steam  power  for  the  manu- 
facture of  the  products  of  her  mines  and  forests.  Wages  are  low,  for 
the  people  live  on  easily  obtained  rice  and  fish,  in  houses  cheaply 
built,  with  low  rents.  Only  20  to  30  cents  a  day  is  paid  for  work  that 
commands  ten  times  as  much  in  Europe  and  America,  while  the  quick 
intelligence  of  her  people  give  Japan  facilities  for  rapidly  becoming  a 
manufacturing  nation.  A  recent  traveler  says,  "  You  can  not  suggest 
to  me  one  article  that  I  can  not  export  in  six  months  from  Japan, 
and,  regardless  of  our  tariff  laws,  undersell  the  market  in  the  United 
States.^' 

They  are  the  French  of  the  Bast;  their  artistic  instincts  and  their 
ingenuity  in  the  use  of  machinery  make  them  the  competitors  of 
Europe,  particularly  in  specialties.  Their  profits  are  so  large  that  their 
industries  will  increase  with  greater  rapidity  every  year. 

Japan  as  a  nation  possesses  an  individuality  stronger  than  our  own. 
Our  power  of  cooperation  and  organization  of  men  and  capital  into  cor- 
porations gives  to  us  a  certain  advantage,  but  even  this  corporate 
organization  they  are  rapidly  acquiring. 

The  wages  of  labor  in  Japan  must  necessarily  increase,  but  not  in  one 
generation,  scarcely  in  two  generations,  can  all  their  habits  of  life, 
their  dress,  food,  and  homes  change  so  greatly  as  U)  increase  the  price 
of  labor  more  than  100  or  200  per  cent.  Yet  at  this  increase  wages  in 
Japan  would  be  very  much  lower  than  in  Europe  or  America. 

Our  brief  sketch  shows  somewhat  of  the  changes  which  new  condi- 
tions of  environment  have  worked  out  within  twenty-five  years.  The 
hermit  nation  has  come  into  communication  with  the  great  powers  of 
the  world;  her  embassies  are  found  in  the  capitals  of  Europe  and 
America;  she  holds  her  position  with  dignity  and  self-respect.  Her 
present  position  is  honorable,  the  i>resage  of  a  brilliant  future. 

Japan  is  indeed  a  typical  product  of  environment.  A  warm  climate, 
where  the  land  and  water  not  only  contribute  food,  but  induce  con- 
tinued intercourse  and  the  welding  of  different  races  into  one  nation. 

From  the  contact  of  man  with  man,  from  city  life,  not  from  country, 
comes  the  highest  civilization.  In  Japan  this  contact  has  been  main- 
tained for  centuries  and  has  led  to  the  steady  development  of  her 
people.  Volcanoes,  earthquakes,  mountain  torrents,  and  typhoons  have 
affected  not  only  the  land,  but  the  character,  religion,  and  art  of  its 
inhabitants,  while  its  development  has  been  hastened  by  the  opening 
of  the  ports,  the  introduction  of  Western  civilization,  and  the  demand 
for  her  jjroducts  in  every  market  of  the  world. 


THE  TUSAYAN   RITUAL:    A  STUDY  OF  THE   INFLUENCE 
OF  ENVIRONMENT  ON  ABORIGINAL  CULTS." 


By  J.  Walter  Fewkks. 


The  science  called  ethnology  claims  as  its  field  of  research  the  stndy 
of  all  racial  characteristics  of  man.  It  deals  not  only  with  his  phys- 
ical features,  social  grouping,  and  geographical  distribution,  but  also 
with  the  products  of  his  hand  and  mind,  his  thoughts  and  feelings. 
No  race  or  individual  is  so  low  in  the  scale  of  being  as  to  be  utterly 
devoid  of  some  idea  of  the  supernatural,  and  as  this  is  a  universal 
human  characteristic  it  is  naturally  one  of  the  subjects  which  presents 
itself  for  study  by  the  ethnologist.  The  study  of  the  evolution  of 
supernatural  ideas,  like  that  of  all  other  human  characters,  ought  not 
to  be  limited  to  a  few  favored  races,  nor  should  the  term  "religion,"  in 
its  scientific  use,  be  restricted  to  any  group  or  race  of  man.  It  must  be 
broad  enough  to  embrace  the  supernatural  conceptions  of  all  men,  low 
and  high  in  the  scale.  No  poor  or  insignificant  grouping  of  men  and 
women  should  be  regarded  too  wretched  to  be  studie4l,  and  the  scien- 
tific man  can  not  overlook  any  if  he  is  loyal  to  scientific  methods.  A 
generalization  which  is  built  on  limited  knowledge  of  the  religious 
characteristics  of  a  few  men  or  those  of  gifted  ra(*>es  will  as  surely 
fail  as  a  general  law  of  linguistics  based  on  the  language  of  any  one 
of  the  great  races  to  the  neglect  of  others.  There  was  a  time  when 
naturalists  overlooked  the  lowest  animals  in  their  studies  of  the  evolu- 
tion of  organic  life,  but  now  it  is  universally  recognized  by  biologists 
that  we  must  look  to  the  most  inferior  animals  for  a  solution  of  many 
problems  connected  with  the  highest.  In  studies  of  the  development 
of  the  supernatural  in  the  mind  of  man  the  same  thing  is  true.  The 
laws  of  the  evolution  of  religious  thought  can  not  be  scientifically 
studied  if  the  culture  of  primitive  man  is  neglected.  Unless  I  am 
greatly  mistaken,  the  roots  of  some  of  the  purest  spiritual  conceptions 
reach  far  down  into  savage  and  barbarous  stages  of  culture. 

We  are  accustomed  to  designate  the  crude  supernatural  ideas  of 
savage  and  barbarous  peoples  as  cults,  and  every  cult  will  be  found 
on  examination  to  be  composed  of  two  complemental  parts,  known  as 
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mythology  and  ritual.  Around  the  former  group  themselves  the  van 
ous  beliefs  regarding  the  sux)ernatural,  and  about  the  latter  the  pro- 
cesses by  which  man  approaches  and  influences  these  supernal  concep- 
tions. This  bifid  strand  runs  through  all  supernatural  ideas,  from 
I  those  of  the  savage  to  the  civilized  man.    As  nature  lias  thus  unitiHl 

them,  they  must  always  be  considered  together  in  scientific  studies. 
We  have  seen  in  one  of  the  previous  lectures  of  this  course  bow  certain 
arts  of  man  are  affected  by  environment.  I  shall  endeavor  to  show  a 
connection  between  ceremonial  practices  and  climatic  conditions,  whicli 
are,  I  take  it,  essential  factors  of  environment.  For  an  illustration,  1 
have  chosen  the  influence  of  an  arid  climate  upon  the  ritual  of  cue 
cluster  of  American  Indians. 

There  are  certain  common  components  of  all  cults  which  are  as  widely 
spread  as  the  races  of  man  and  exist  independently  of  surroundings, 
while  there  are  others  which  are  profoundly  afi'ected  by  environment. 
Our  subject  especially  deals  with  the  latter,  and  as  the  ritual  is  capable 
of  more  exact  scientific  analysis,  I  have  in  mind  to  discuss  the  modifi- 
cations in  it  which  can  be  traced  to  purely  climatic  causes. 

To  simplify  the  elements  of  the  problem  we  must  chose  not  only  a 
primitive  form  of  ritual,  but  also  as  far  as  possible  one  which  has  beeo 
but  slightly  modified  by  the  introduction  of  foreign  influences,  and 
hence  other  environments.  We  must  avoid  as  much  as  possible  com 
plexity  due  to  composition.  It  is  a  very  difficult  task  to  determine  tlie 
aboriginal  cults  of  any  primitive  people,  for  modifications  resulting 
from  contact  with  other  races  are  present  almost  everywhere  we  tnrii. 

Every  cluster  or  grouping  of  men  known  to  me  is  composite  in  its 
character.  Yet  the  task  is  not  wholly  hopeless  or  l>eyond  our  ]K>wers. 
The  work  before  the  American  student  is  facilitated  by  the  fact  that 
we  have  still  living  in  our  country  surviving  members  of  the  AnierieaD 
race  who,  on  account  of  isolation,  have  been  slightly  modified  by 
foreign  influences.  1  wish  this  afternoon  to  call  your  attention  to  one 
of  these,  and  to  discuss  the  influences  which  evironment  has  exerted 
on  their  ritual. 

The  people  concerning  whom  I  shall  speak  are  commonly  called  the 
Mokis,  although  they  prefer  to  be  known  as  the  Hopi.  They  live  in  a 
region  of  Arizona,  which  from  its  discovery  in  the  middle  of  the  six 
teenth  century,  has  been  designated  Tusayan.  The  Hopi  or  Tusayau 
Indi[\ns  belong  to  the  so  called  village  or  pueblo  people — the  peculiar 
culture  of  prehistoric  Arizona,  New  Mexico,  Colorado,  and  Utah. 
While  what  I  shall  say  especially  concerns  one  group,  it  may  in  a  gen 
eral  way  be  applied  to  the  culture  of  a  wide  territory  called  the  pueblo 
area  of  the  southwestern  i)art  of  the  United  States.  In  a  natural 
sequence  a  discussion  of  the  effect  of  environment  would  follow  a 
statement  of  the  distinctive  characters  of  the  physical  features  which 
characterize  surroundings;  and  in  order  that  you  may  have  an  idea 
of  the  climatic  conditions  of  Tusayan,  let  us  take  a  few  moments  to 
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consider  these  peculiarities  of  the  environment.  In  physical  features 
this  province  is  a  part  of  the  great  arid  zone  of  the  Rocky  Mountains,  to 
which  in  former  times  was  given  the  name  of  Great  American  Desert. 
It  lies  in  the  northeastern  part  of  Arizona,  about  90  miles  from  the 
nearest  village  of  white  men  on  the  south  and  about  the  same  distance 
east  of  the  Grand  Canyon  of  the  Colorado.  On  all  sides  it  is  isolated 
by  dry  deserts,  a  dreary  extent  of  mountains,  mesas,  and  arid  plains 
about  G,000  feet  above  the  level  of  the  sea.  No  permanent  streams 
of  water  refresh  these  parched  canyons  or  fields,  and  the  surroundings 
of  this  isolated  tribe,  organic  and  inorganic,  belong  to  those  character- 
istic of  desert  environment.  The  rains  are  limited  in  quantity — liable 
to  fail  at  planting  times,  although  later  in  the  summer  pouring  down 
in  copious  torrents,  that  fill  the  depression  by  which  the  water  is 
rapidly  carried  away  from  the  thirsty  fields.  Springs  of  permanent 
water  are  small  and  weak,  and  when  abundant,  poor  and  hardly  pota- 
ble. In  this  unpromising  land  a  few  less  than  2,000  Indians  strive  to 
maintain  themselves  by  agriculture  from  a  barren  sandy  soil  which 
a  white  farmer  would  despise. 

Nor  is  the  unremunerative  soil  the  only  hostile  environment  with 
which  this  industrious  race  of  aboriginal  farmers  has  had  to  contend. 
Incoming  marauders,  in  the  form  of  nomadic  enemies,  have  from  pre- 
historic times  harassed  them,  preyed  on  their  farms,  and  forced  them 
to  adopt  inaccessible  mesa  tops,  high  above  their  fields,  for  protection. 
Perched  on  these  rocky  eminences  they  have  erected  seven  stone  vil- 
lages in  so  clever  a  way  that  they  seem  to  be  a  part  of  the  clifi's.  Ani- 
mals in  desert  surroundings  as  a  protective  device  have  taken  on  the 
color  of  the  soil,  but  these  men  have  built  their  towns  in  the  cliffs  so 
deftly  that  they  seem  to  be  parts  of  the  mesas  themselves.  They  have 
succeeded  well  in  this  protective  device,  due  to  environment,  for  at  a 
distance  the  pueblos  are  indistinguishable  from  the  cliffs  on  which  they 
stand. 

I  need  not  dwell  on  the  forbidding  aspect  of  the  mesa  tops  on  which 
these  villages  are  built.  Not  a  sprig  of  verdure,  drop  of  water,  or  frag- 
ment of  fuel  is  to  be  found  upon  them.  If  there  is  one  physical  feature 
which  may  be  said  to  characterize  Tusayan,  it  is  the  paucity  of  water, 
or  rather  its  unequal  distribution  in  different  seasons  of  the  year. 

The  character  of  animal  life  is  also  significant,  for  it  is  of  such  a 
nature  as  to  exert  a  profound  influence.  A  race  dependent  on  animal 
food  alone  would  have  starved  for  game.  The  great  ruminants,  as  the 
bison,  which  more  than  any  other  animal  influenced  the  culture  of  the 
Indians  of  the  great  plains  of  the  Mississippi,  never  visited  this  region. 
No  domesticated  animals  made  pastoral  culture  possible.  There  were 
small  rodents,  many  rabbits  and  hares,  and  a  scanty  supply  of  antelope 
in  distant  mountains.  Unpromising  as  was  the  soil  for  agriculture,  the 
resources  of  the  hunter  were  much  less,  and  in  this  region  man  was 
forced  to  become  an  agriculturist. 
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It  is,  therefore,  clear  that  the  seilentary  agricultnrtil  life  of  tlie 
Tusayau  lutlian  is  the  direct  result  of  organic  aud  inorgauic  surrooud- 
iiigB.  Forced  from  some  reason  nnkuown  to  me  to  live  in  a  laud  where 
anunals  were  so  few  that  he  could  not  subsist  from  the  products  of  the 
chase,  he  found  a  possible  food  supply  iu  plant  life,  and  he  accepted 
the  inevitable.  He  Adopted  the  life  which  environment  dictated,'  and 
accepting  things  as  tliey  were,  worked  out  his  cnlture  on  the  only  pofr 
sible  lines  of  development.  He  raised  crops  of  maize,  .melons,  xaA 
beans,  cultivated  and  harvesteil  various  grains,  but  nt  times  when 
other  things  failed  found  food  in  cacti  and  the  meal  of  piuon  nats. 
Accepting  the  inevitable,  man's  ritual  became  a  mirror  of  that  part  of 
his  environment  which  most  intimately  affected  his  neceasities.  The 
irregularity  of  the  lains,  aud  the  possibility  that  the  com  may  not 
grow,  developed  the  ritual  in  the  direction  iudicated.  As  long  as  the 
processes  of  nature  go  on  without  change,  no  si>ecial  rain  or  growth 
ceremonials  would  develop.  In  a  bountiful  soil  which  never  fails  the 
farmer,  where  the  seed  dropped  in  the  ground  m  sure  to  g:erTniuate,  and 
the  rauis  are  constant,  no  ritual  wonld  originate  to  briog  about  what 
was  sure  to  come,  lint  let  natural  processes  be  capricious,  awake  iu  a 
primitive  mind  the  fear  that  these  processes  may  not  recar,  let  him 
become  conscious  that  the  rains  may  not  come,  and  he  evolves  a  ritnal 
to  prevent  its  failure.  He  is  absolutely  driven  to  devise  eeremontals 
by  which  to  afl'ect  those  supernatural  beings  whom  he  believes  caa-v 
the  rain  and  the  growth  of  his  crops.  The  cults  of  a  primitive  people 
are  products  of  tlieir  necessities,  aud  they  become  complicated  as  the 
probability  of  their  needs  not  being  met  are  uncertain.  The  two  needs 
which  sorely  pressed  the  Hopi  farmer  were  rain  to  water  his  crops  and 
the  growtli  and  maturity  of  his  corn.  My  problem,  therefore,  is  to 
show  by  illustrations  that  the  two  components,  rain  making  and  growth 
ceremonials,  characterize  the  Tusayan  ritual,  as  aridity  is  the  epitome 
of  the  distinctive  climatic  features  of  the  region  in  which  it  has  been 
developed. 

There  are,  as  before  stated,  certain  elemental  compouonts  of  all  cults 
which  are  as  widespread  as  man,  and  apparently  exist  iodeitendeutly 
of  climatic  conditions.  These  elements  are  psychical,  subjective,  aiid 
occur  wherever  man  lives  in  deserts,  islands,  forests,  plains,  und» 
every  degree  of  latitude  and  temperature.  A  more  profound  philo- 
sophical analysis  than  I  can  make  may  resolve  even  these  into  effects 
of  environment,  but  their  universality  wonld  seem  to  show  that  the; 
are  not  due  to  the  special  climatic  condition  of  aridity  characteristic  of 
Tusayan.  I  do  not  regard  it  pertinent  to  iny  discusstou  to  attempt  to 
explain  tlieir  origin,  but  we  can  better  appreciate  the  Tusayan  rituaL 

The  genus  Homo,  emerging  from  genera  of  animals,  most  of  which 

'  For  ■  diHcnsBioa  of  tlie  relations  lietweeu  liigheet  stHgea  of  culture  in  jtboriginll 
Anioricn  and  ariit  ilimate.  see  my  article  on  l^uinoier  Ceremontnla  at  Zoiii  iwl 
Moqiii  Puublos,  BuUelia  E««Q-t.  \ual\t^xi.t.B,  Vol.  KKII,  Nob.  T,  8, 9.     Sulem,  Msm. 
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were  timorous  and  bodily  weak,  inherited  from  them  a  wonder  and  fear 
at  anything  unusual  or  uncanny.  This  dawning  intelligence,  influenced 
by  such  sentiments  as  wonder,  fear,  hope,  and  love,  reached  that 
mental  condition  when,  as  pointed  out  by  King,  it  ascribed  all  happen- 
ings about  itself  to  luck.^  His  heritage  was  a  mind  unable  to  separate 
the  normal  from  the  abnormal,  and  everything  to  such  a  mind  is  mys- 
terious, and  all  nature  is  regarded  as  living,  but  we  can  hardly  sup- 
pose that  in  that  condition  it  deified  or  saw  gods  in  everything.  Man 
understood  the  causes  of  few  of  the  mysteries  about  him,  and  felt  him- 
self at  the  caprice  of  chance.  He  was  a  consistent  fatalist,  overlooking 
good,  for  that  was  normal,  but  associating  the  bad  with  chance.  In 
this  early  condition  a  stage  of  supernaturalism  called  fetishism,  or  the 
use  of  charms,  spells,  amulets,  mascots  of  various  kinds  to  control 
chance,  arose.  As  far  as  I  know,  no  race  has  wholly  outgrown  this 
condition,  and  the  lower  we  descend  in  the  scale  of  humanity,  either 
historically  in  our  own  race,  or  ethnographically  among  savages,  the 
relative  predominance  of  fetishism  increases.  There  is  no  more  con- 
stant element,  none  following  the  same  law  of  increase;  the  present 
forms  of  monotheism  have  the  least,  the  lowest  savage  the  most.  While 
at  present  there  survives  no  people  so  degraded  that  fetishism  is  the 
only  cult,  those  nearest  that  stage  are  the  lowest  in  mental,  moral,  and 
social  attainments.  I  need  not  remind  you  that  at  that  early  stage  a 
fetish  was  not  an  idol,  it  may  or  may  not  have  had  a  regular  form ;  a 
stone,  a  root,  an  amulet  may  serve  as  a  fetish.  In  this  stage  of 
development  every  individual  came  to  believe  that  he  had  a  certain 
protective  charm.  We  can  hardly  believe  he  had  a  system  of  gods  or 
that  he  recognized  such.  Later  in  its  evolution  fetishism  became 
incorporated  with  other  higher  elements,  especially  symbolism,  but  in 
its  archaic  conception  this  was  impossible. 

The  highest  outgrowth  of  pure  fetishism  was  the  shaman  or  medi- 
cine man.  It  was  recognized  that  certain  men  were  gifted  with  occult 
powers  beyond  their  fellows,  and  were  more  potent  to  control  happen- 
ings. But  this  medicine  man  made  use  of  impersonal  amulets,  not 
personal  spirits. 

The  second  stage  in  the  growth  of  the  supernatural  was  a  belief  in  a 
spirit*  or  double  of  man,  the  concept  of  animism.    When  through 

*I  find  myself  in  accord  with  Mr.  J.  H.  King,  who  has  discussed  this  subject  at 
length  in  his  work,  The  Supernatural ;  its  Origin,  Nature,  and  Evolution.  While 
there  are  several  points  in  his  discussion  where  I  can  not  see  my  way  clear  to 
accept  his  interpretations,  1  have  in  others  found  ray  views  almost  coinciding  with 
his.  He  has  discnssed  the  subject  in  so  scholarly  a  manner  that  the  small  space  I 
can  give  to  this  great  subject  might  have  been  better  occupied  with  quotations 
from  his  volumes.  His  work  should  be  thoughtfully  studied  by  everyone  interested 
in  this  subject. 

*The  recognition  of  spirit  was  of  very  early  date,  and  is  regarded  by  Sir  J.  Lub- 
bock, Dr.  Tylor,  and  Herbert  Spencer  as  characteristic  of  all  superuaturalism.    Mr. 
King,  however,  seems  to  me  to  have  advanced  strong  reasons  to  show  that  fetishism 
may  have  antedated  animism.    Although  I  have  adopted  his  view^  I  aiSL^\vx^\X^^Tv^ 
ia  much  to  be  said  on  the  other  side. 
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dreams  and  other  psychical  phenomena  man  recognized  his  seal,  he 
immediately  extended  his  concept  to  animals^  plants,  stones,  all  things, 
and  thus  everything  was  thought  to  have  an  intangible  double,  soul 
Man  sought  to  ally  himself  with  some  one  of  these  souls;  if  a  hunter, 
some  animal  spirit,  for  instance,  as  an  aid.  This  became  his  totem,aiid 
everything  came  to  be  a  totem  of  power  depending  on  needs  of  man. 
As  fetishism  was  the  archaic  condition  in  the  groping  of  the  human 
mind,  totemism  was  the  following,  and  both  evolved  together,  mntualij 
reacting  on  each  other  and  interdigitating  in  their  development. 

As  the  inevitable  outgrowth  of  animism  and  its  twin  brother  totemism 
came  ancestor  worship.  Totemism  aud  animism  are  sometimes  limited 
to  animal  worship,  from  the  fact  that  zoomorphic  tot<ems  naturally 
were  chosen  by  hunters,  but  especially  among  agricultural  people  totems 
of  corn,  rain,  and  the  like  replaced  zoomorphic  forms.  The  forces  of 
nature  thus  became  totems — sun,  moon,  earth — some  with  animal,  others 
with  human  personalities.  A  totem  of  a  family  became  a  tutelary  god, 
and  groups  of  tutelary  gods  with  a  regal  head  became  a  council  of  god> 
as  among  the  old  Greeks. 

Political  and  religious  conceptions  kept  pace,  a  patriarchal  head  of 
the  family  was  reflected  in  the  mythology.  A  king  suggested  a  mono- 
theism. Isolated  phratries  living  in  groups  like  the  prehistoric  pueblos 
recognized  no  supreme  i)olitical  chief;  their  system  was  feudal ;  they  were 
too  low  for  monotheism.  I  believe  there  isno  good  evidence  to  prove  that 
they  ever  advanced  higher  in  the  evolution  of  mythology  than  a  form  of 
totemism,  in  which  powers  of  nature  under  anthropomorphic  or  animal 
disguises  were  worshiped. 

I  have  said  that  the  ritu<al  of  man  csin  not  be  separate<l  from  his 
beliefs;  it  is  incomprehensible  alone.  Let  us,  therefore,  glance  at  the 
mythology  of  the  Tusayan  Indians.  These  people  had  never,  when 
unmodified  by  European  influences,  advanced  higher  than  the  worship 
of  anthropomorphic  powers  of  nature,  although  all  lower  forms  of  wor 
ship,  as  of  animals,  ancestors,  and  fetishism,  were  prevalent.  As  faras 
I  have  studied  the  beliefs  of  the  Tusayan  Indians,  I  find  no  evidence 
that  they  recognized  monotheism  or  the  existence  of  ai  Great  Spirit, 
creator  of  all  things.  With  them  as  elsewhere  among  American  Indian^ 
wlienever  we  find  a  knowledge  of  a  Great  Spirit  we  see,  as  pointed  oat 
by  Mr.  K.  Dorman,'  ** Nothing  more  than  a  figure  of  Euro})ean  origin 
reflected  and  transformed  almost  beyond  recognition  in  the  mirror  of 
the  Indian  mind."  It  is  suggestive  that  the  Indian  knows  only  the 
name,  he  has  no  stories  pertaining  to  him,  but  when  you  inquire  about 
creation  you  elicit  myths  of  the  works  of  a  spider  woman  or  the  birth 
of  men  from  the  caverns  of  the  earth.  A  conception  of  a  Great  Spirit, 
wherever  reported  from  savage  people  of  North  America,  is  the  work 
of  missionaries,  soldiers,  or  traders.* 


*  Anthropological  Institute,  Jonrnal,  Vol.  XI,  page  361. 

2  Con8idera\)Ao  *wu\ci\<'^\\aa\ift«v\  «.AA.\\v:«i^\,  wialnly  from  docnmentary  sources,  thai 
the  more  civWizeA  peopV©  oi  ecu\.\«\  km^TAt^a.  \k\Xa;m«A.  \\i.  \?x<6«5,K\^xMAuan  tiiiiw  tk« 
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All  cosmogony  begins  with  a  created  eartb  and  that  earth  is  mother 
of  gods  and  men.  From  the  under  world,  a  cavern  in  the  earth,  men 
crawled  to  the  surface  through  an  opening  called  the  sipapil.  Races, 
like  individuals,  grew  or  were  born;  there  is  no  hint  as  to  how  mother 
eaii;h  was  created. 

The  highest  supernatural  beings  were  deified  forces  of  nature  endowed 
with  human  or  animal  forms.  Among  these  were  sky  gods,  earth  gods, 
and  their  offspring  in  the  early  times  when  the  race  of  man  was  young- 
The  pueblos  deified  the  sun  and  called  him  father  of  all,  and  so  impor- 
tant is  the  place  that  he  plays  in  their  beliefs  that  they  are  ordinarily 
called  sun  worshipers.  They  endow  him  with  human  form,  speaking 
of  the  disk  as  his  mask.  Each  day  he  is  thought  to  rise  from  his  home 
in  the  under  world  and  at  night  sinks  into  a  western  house.  The  pueblo 
Indians  live  in  houses.  Their  chief  supernatural  has  a  house,  as  indicated 
by  their  use  of  this  word  for  his  place  of  rising  and  setting.  The  sun  is 
a  benificent  being  all  powerful  to  bring  the  rains.  In  other  ])arts  of 
America  among  warriors  he  is  appealed  to  to  destroy  enemies.  Among 
those  people  whose  environment  necessitates  rain  he  is  regarded  as  all 
I)owerful  for  that  purpose.  Like  ancient  Aryans,  the  Tusayan  Indians 
pray  to  the  rising  sun  for  blessings,  but  the  meaning  of  the  word  ^'bless- 
ing" is  always  rain,  that  the  farms  may  be  watered  and  the  crops  grow 
to  maturity.  The  worship  of  the  sun,  therefore,  is  of  great  importance; 
it  pervades  all  the  ritual,  but  it  is  always  with  one  intent — the  over- 
I)owering  need  of  the  agriculturist  for  rain  in  a  desert  environment. 

As  I  have  used  the  word  "prayer,"  it  may  be  well  for  me  to  point  out 
the  signification  of  this  word  among  these  people.  We  are  dealing 
with  a  race  in  that  stage  of  culture  where  the  symbolism  is  all  impor- 
tant. Their  word  for  prayer  is,  "  scatter,"  that  is,  to  scatter  sacred  meal. 
When  a  Tusayan  priest  addresses  a  supernatural  being  of  his  mythology 
be  believes  he  must  do  so  through  the  medium  of  some  object  as  a 
prayer  bearer;  he  breathes  his  wish  on  meal  and  throws  this  meal  to 
the  god.  The  prayer  bearer  is  thought  to  have  a  spiritual  double  or 
breath  body  which  carries  his  wishes.  It  is  an  old  idea  with  him, 
reaching  back  to  fetishism,  for  his  breath  with  the  talismanic  words  is  the 
spell  which  brings  the  desired  results.  It  must  be  mentioned,  however, 
that  oftentimes  ethical  ideas  are  associated  with  Tusayan  prayers  for 
rain,  and  I  have  frequently  heard  the  priests  at  the  close  of  their  songs 


roonotheistic  stage  of  siipernatiiral  concepts,  and  if  that  evidence  is  iinimpeacliable 
it  would  not  be  improbable  that  traces  of  the  same  should  be  found  among  x)ueblos. 
Unfoi*tunately,  however,  the  evidences  on  this  point  are  none  too  stron^^,  the  prob- 
abilities that  the  writers  and  the  documents  did  not  eliminate  their  own  interpreta- 
tion too  great.  The  pueblos  at  present  have  an  idea  of  a  supreme  spirit;  but  there 
is  every  reason  to  believe  it  is  of  exotic  derivation  in  the  time  since  Coronado. 
However  honest  may  be  the  modem  priest  who  may  say  that  he  learned  from  his 
grandfather  certain  current  beliefs,  the  crucial  test  of  their  prehistoric  character 
must  come  from  proof  that  the  grandfather's  testimony  is  correct.  The  sources  of 
error  in  stories  passed  down  by  word  of  month  throngh  many  generations  arc^  Icv^ 
many  to  iiermit  us  to  pin  much  faith  to  traditions  Teptvted.  U>\)<^  oi  ^Te>^\>  «b^^. 
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for  rain  exclaim^  '*' Whose  heart  is  bad,  whose  thoaghts  are  leaving  the 
straight  path,"  and  as  they  bewailed  that  the  rains  were  delayed, 
sorrowfully  resumed  their  songs  and  incantations. 

An  individual  intrusts  his  prayer  to  sacred  meal,  but  a  society  of 
priests  has  a  more  powerful  charm.  In  the  formal  worship  by  a 
society  of  priests  this  prayer  bearer  be<x)mes  more  complicated  by 
appendages.  It  is  furnished  with  accessories,  all  of  which  are  symbolic. 
The  meal  is  placed  in  a  corn-husk  packet  surrouuded  with  symbolic 
charms,  feathers  of  birds  which  love  water,  herbs  which  grow  in  damp 
places.  Such  a  prayer  bearer  with  symbolic  attachments  is  called  a 
paho,  and  as  if  to  betray  its  meaning  in  its  name,  the  exact  translation 
of  this  word  is  the  water-wood,  the  wood  which  brings  the  water. 
These  prayer  sticks  have  many  different  forms,  but  are  always  called 
by  the  generic  name,  water-sticks.  As  their  form  becomes  oomplicate<l 
by  reason  of  symbolic  accessories,  their  manufacture  is  an  ai*t  wfaieb 
takes  time,  and  as  the  prescribed  symbols  are  known  only  to  the  initi 
ated,  their  construction  gives  rise  to  a  complex  series  of  secret  rites. 
The  paho  itself  is  a  sacred  object,  consequently  whittlings  from  \U 
fragments  of  string,  corn  husks,  or  feathers,  used  in  its  constmetioii, 
are  also  sacred  and  must  not  be  profaned.  They  are,  therefore,  care 
fully  gathered  up  and  deposited  with  a  prayer  in  some  sacred  ])laee. 

The  simple  act  of  breathing  a  prayer  on  a  pinch  of  meal  is  all  siifii 
cient  in  an  individual's  use  of  prayer  meal,  but  in  the  com])lic4UtHi 
paho  this  simple  act  is  insufficient  in  their  belief.  The  prayer  bean^r 
intrusted  with  the  prayers  of  a  community  of  priests  must  be  laid  on 
an  altar,  smoked  upon,  prayed  over,  and  consecrated  by  song  before  it 
is  deemed  efficacious.  The  production  of  this  altar,  the  fetishes  which 
stand  upon  it,  tbe  formal  rites  attending  the  ceremonial  smoke,  and 
the  character  of  tbe  songs  thus  develop  each  its  own  complex  series 
of  rites.  Lastly,  even  the  casting  of  the  meal  has  led  to  complica- 
tions. The  paho  must  be  offered  to  the  god  addressed  in  a  dignified 
manner  worthy  of  its  object  and  the  care  used  in  it«  consecration.  A 
special  courier  carries  it  to  a  special  shrine.  He  is  commissioned  to 
his  task  with  formal  words,  and  he  places  his  burden  in  the  shrine 
with  prescribed  prayers.  It  has  thus  been  brought  about  that  the 
manufacture,  consecration,  and  final  deposition  of  the  elaborate  paho 
or  stick  to  bring  the  rain  occupies  several  hours,  and  when  repeated, 
as  it  is  in  all  great  ceremonies  for  several  consecutive  days,  makes  a 
complicated  series  of  rites. 

Tbe  ritual  of  the  Tusayan  Indians  is  composite  as  their  blood  kin- 
ship. Peoples  from  other  parts  of  the  arid  region  have  joined  the 
original  nucleus,  each  bringing  its  rites  and  its  names  of  the  sun  god. 
Each  of  these  components  clung  to  their  own  ceremonials,  and  thns 
several  series  of  rites  developed  side  by  side,  adding  new  names  to 
supernatural  beings  already  worshiped.  This  state  of  things  is  not 
peculiar  to  Tusayan.  Ra,  the  Egyptian  sun  god,  has  not  more  aliases 
th^iflawa,  the  aoVai:  4ei\)^  oi  \X2l<^  ^ckV\^.   ^^  ^^o^^tive  is  the  Paebk) 
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system  in  point  of  fact  that  they  are  quite  willing  to  ingraft  the  Chris- 
tian ritaal  on  their  own,  and  in  some  of  the  modified  pueblos  of  the 
Bio  Grande  we  find  the  two  coexisting.  The  sun  especially  has  many 
names  among  these  people,  attributal  or  incorporated,  derived  from 
colonists  among  them.  While  it  oftentimes  puzzles  the  student  to 
identifiy  them,  it  causes  no  trouble  to  the  primitive  mind,  who  gladly 
accepts  the  medicine  of  all  people,  friends  or  enemies.  Of  synonyms 
of  the  sun,  one  of  the  most  potent  is  called  the  Heart  of  the  Sky. 

In  the  mythology  of  the  American  Indians  the  worship  of  a  mythic 
serpent  is  widely  associated  with  that  of  the  sun.  Among  the  Pueblos 
this  serpent  appears  as  the  Great  Plumed  Snake.  This  personage  was 
a  marked  one  in  the  Mexican  and  Central  American  mythologies.  He 
is  found  carved  in  stone  on  the  stately  ruins  of  Chiapas  and  Yucatan, 
painted  in  fresco  on  the  necropolis  of  Mitla,  and  represented  in  stucco 
on  the  facades  of  other  high  temples  of  Mexico.  As  the  most  powerful 
of  all  the  divinities  of  the  Nahuatl  and  Aztec  peoples,  he  has  crei)t  into 
all  the  mythologies  where  traces  of  Nahuatl  words  can  be  detected. 
In  Tusayan  the  Great  Plumed  Serpent  is  a  powerful  deity  to  bring  the 
rain,  and  is  associated  with  li.2:htning,  his  symbol.  By  simple  observa- 
tion the  untutored  mind  recognizes  that  rain  follows  lightning,  and 
what  more  natural  than  that  it  should  be  looked  upon  as  the  effect. 
He  therefore  »vorships  lightning  because  of  this  power.  The  course  of 
the  lightning  in  the  sky  is  zigzag  as  that  of  the  snake,  both  kill  when 
they  strike.  The  lightning  comes  from  the  sky,  the  abode  of  the  sun 
and  rain  god,  and  the  simple  reasoning  of  the  Tusayan  Indian  supposes 
some  connection  between  the  lightning,  snake,  and  rain.  The  suste- 
nance of  the  x)rimitive  agriculturist  comes  from  the  earth,  and  if  the 
soil  is  nonproductive  the  sun  and  rain  are  of  no  avail.  The  Tusayan 
Indian  thus  recognizes  the  potency  of  the  earth  and  symbolically  deifies 
it  as  the  mother.  Consequently  earth  goddesses  play  important  rdles 
in  his  mythology,  and  here  likewise  the  composition  of  the  tribe  shows 
itself  in  the  many  names  by  which  the  earth  mother  is  designated. 
We  find  her  called  "  Mother  of  Germs,"  "  Old  Woman,"  "  Spider 
Woman,"  "  Corn  Maid,"  "  Growth  (4oddess."  Strangely  enough  to  us, 
but  by  no  means  strange  to  a  primitive  mind,  this  latter  is  associated 
with  fire;  for  in  the  Indian  conception  fire  itself  is  a  living  being,  and 
what  is  more  natural  than  association  of  fire  and  growth? 

Before  we  pass  to  a  consideration  of  the  lesser  gods  of  Tusayan 
there  remains  to  be  considered,  among  those  of  primary  importance, 
a  strange  collection  of  concepts,  the  direct  outgrowth  of  sun  worship. 
I  refer  to  what  are  known  as  the  gods  of  the  world  quarters  or  cardinal 
directions. 

The  constant  observation  of  the  sun  has  led  to  an  intimate  study  of 
the  position  of  this  luminary  in  different  seasons,  especially  in  his  vari- 
ation in  places  of  rising  and  setting.  As  is  well  known,  the  sun,  on 
account  of  the  obliquity  of  the  ecliptic,  rises  and  sets  at  different 
points  on  the  horizon  at  different  dates,  vaxyiiigmtti\^X\\)\X!^^^\i^\s^^^^^ 
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certain  distances  north  and  south.  The  intervals  oii  the  borizoo 
between  extreme  northern  and  soatherii  azimuth  is  mapped  out  by  a 
society  of  sun  priests,  who  note  the  tree,  hillock,  or  depression  m  th« 
horizon  from  which  the  sun  rises  or  into  which  he  seems  to  sink  at 
each  interval,  and  thus  determine  the  time  for  ceremonials  withsor- 
prising*  ak^curacy  year  by  year.  The  solstitial  points  of  the  snu  outbe 
horizon  thus  came  to  be  cardinal  points,  two  of  which  are  called  sod 
houses.^ 

As  the  four  solstices  are  marked  epochs  in  the  sun  worship  of  an 
agricultural  people,  the  i)oint8  of  rising  and  setting^  at  these  times,  w 
their  cardinal  points,  are  associated  with  minor  deities,  offspring  of  sun 
and  earth.  These  are  the  positions  of  the  sun  houses.  Naturally,  bi? 
children  live  in  these  four  world  quarters,  and  from  that  primitive  idei 
\  is  evolved  the  worship  of  the  so-called  world-quarter  deities  wliici 

play  such  a  prominent  part  in  the  Tusayan  ritual. 

Ancestor  worship  has  developed  into  an  elaborate  system  of  niiiHir 

supeniaturals  called  Katcinas,  most  powerful,  in  their  conceptiou,  to 

; !  bring  blessings,  another  name  in  their  vocabulary  for  rain.     It  wonld 

be  instructive  to  trace  the  origin  and  define  the  character  of  thesf 
•  beings  if  time  permitted.    Their  name  is  legion,  their  ceremoiual? 

5  I  complicated. 

>  I  In  addition  to  the  deification  of  the  forces  of  nature,  totems  of  ani 

I .  mals,  and  ancestral  x>ersonages,  Tusayan  supernal  concepts  are  almc^ 

1  I  infinite  in  variety  and.  number,  many  of  which  are  simply  modified 

I  j  fetishes,  the  heritage  of  archaic  conditions.    To  define  the  character  or 

I  a  tithe  of  these  concepts  would  be  a  task  too  technical  for  gei^eral  discos- 

)  I  sion.    Among  a  people  where  gods  are  so  numerous,  every  hostile  one 

I  must  be  appeased,  no  beneficent  personage  forgotten.     From  one  end  of 

i  the  year  to  another  there  is  almost  a  constant  round  of  ceremonials,  to 

\  describe  which  in  detail  would  tax  your  patience. 

Fortunately,  however,  these  ceremonials  admit  of  a  classification.  Is 
one  way  we  may  say  that  the  ritual  of  a  people  is  the  sum  of  all  cere 
monials  which  recur  with  precision  in  successive  cycles.  The  time 
commonly  adopted  by  primitive  people  is  a  natural  epoch,  the  year 
determined  by  the  course  of  the  seasons. 

Minor  divisions  of  this  year,  or  months,  are  characterized  each  bj 
a  special  ceremonial,  so  that  roughly  speaking  we  may  say  that  each 
ceremonial  year  at  Tusayan  is  composed  of  thirteen  ^reat  ceremonial 
events,  one  for  each  lunar  revolution. 

In  the  most  elaborate  of  these  monthly  ceremonials  occur  rites  last 
ing  sixteen  days,  with  four  additional  days  for  purifications.  In  ti»e 
celebration  of  many  the  time  is  curtailed,  but  no  moon  shines  over 
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'The  horizontal  positions  of  the  sun  at  the  solBtice;4  were  probably  reco^izedai 
cardinal  by  other  peoples  of  agricultural  life.  The  reader  who  is  interested  to  fol- 
low this  subject  further  is  referred  to  various  works  on  the  orientation  of  £^pu^ 
temples. 
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Tnsayan  without  witnessing  a  religious  festival  of  great  complexity 
and  i)rescribed  precision,  which  is  repeated  every  year  at  the  same  time.^ 

From  this  complicated  series  I  will  choose  two  great  ceremonials  to 
illustrate  the  two  most  important  phases  of  the  influence  of  aridity. 
These  two  occur  in  consecutive  months,  August  and  September,  are 
both  celebrated  in  extenso,  and  will  for  that  reason  give  a  fair  idea  of 
the  nature  of  the  elaborate  components.  Both  are  characteristic  of 
Tnsayan,  although  represented  in  a  somewhat  modified  form  in  other 
pueblos. 

The  first  is  called  the  Snake  Dance,  the  second  the  Lalakouti.  The 
one  is  performed  by  male  priests,  the  other  by  female;  the  former  an 
elaborate  prayer  for  rain,  the  latter  for  growth  and  an  abundant  har- 
vest of  maize.  Both  in  their  respective  way  illustrate  the  modifica- 
tions developed  by  the  climatic  conditions.  So  complicated  are  they, 
however,  that  I  must  limit  myself  to  the  barest  sketch  of  some  of  their 
more  striking  features. 

No  better  ceremony  could  be  chosen  to  illustrate  the  effect  of  the 
arid  environment  than  the  well-known  Snake  Dance,  the  most  weird 
rite. in  the  Tnsayan  calendar.  This  dance  occurs  every  summer  on 
alternate  years  in  five  of  the  Tnsayan  villages,  and  although  a  dramati- 
zation of  an  elaborate  sun-serpent  myth  is  so  permeated  by  rain  cere- 
monials that  it  has  come  to  be  an  elaborate  prayer  for  rain. 

The  worship  of  the  serpent  occupies  a  most  prominent  place  in  the 
ritual  of  all  barbarous  people  where  each  environment  has  stamped  it 
with  sj^ecial  significance.  Among  the  Tasayan  Indians  there  are  most 
complicated  rites  of  ophiolatry,  in  March,'^  where  six  effigies  of  the 
Great  Plumed-headed  Snake  are  exhibited  in  the  secret  rooms  in  con- 
nection with  symbols  of  the  sun,  in  a  strange  dramatization.  These 
ceremonials,  however,  have  to  do  with  the  fertilization  of  maize  and 
might  well  be  chosen  to  illustrate  rites  which  pertain  to  the  necessities 
of  agricultural  people. 

It  is  to  that  ceremony^  where  reptiles  are  carried  fearlessly  by  the 


'  For  analysis  of  the  Tnsayan  calendar,  see  Provisional  List  of  Annual  Ceremonies 
at  Walpi.  Internationales  Archiv  fJir  Ethnograpbie,  Bd.  VIII,  Heft.  V  and  VI. 
Leyden,  Holland. 

'^  The  PalUltikonti ;  A  Tasayan  ceremony.  Journal  of  American  Folk  Lore, 
October-December,  1893. 

^For  an  account  of  the  Snake  Dance  at  Walpi,  see  Journal  of  American  Ethnology 
and  Archspology,  Vol.  IV;  Houghton,  Mifflin  &  Co.,  Boston.  I  have  elsewhere 
pointed  out  the  small  part  which  the  Great  Plnmed  Serpent  plays  in  this  ceremony, 
and  the  absence  of  fetishes  or  idols  of  this  personage  in  the  secret  portions  of  the 
ceremony.  The  only  symbol  of  the  plumed  snake  which  is  found  is  on  the  kilts  of 
the  snake  priest.  As  nearly  as  I  can  judge  of  its  place  in  the  components  of  primi- 
tive supernatural  concepts,  it  seems  to  be  an  example  of  animal  totemism  and 
ancestor  worship  in  which  special  powers  to  bring  the  rains  are  believed  to  belong 
to  the  reptiles,  descendants,  like  the  living  participants,  of  a  snake  mother.  The 
conditions  are  so  often  paralleled  in  the  beliefs  of  other  primitive  people  that  there 
seems  to  be  no  exception  among  the  Hopi.     Cf.  King,  op.  cit.,  Vol.  I,  pages  165-207. 
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snake  priests,  their  younger  brothers,  as  they  believe,  to  whicli  I 
especially  refer,  and  to  which  I  wish  to  call  your  attention.  It  is 
impossible  for  me  in  the  limited  time  at  my  disposal  to  give  even  a 
sketch  of  this  complicated  rite,  so  weird  and  startling  in  its  charactei 
as  to  rival  the  most  heathen  ceremony  in  the  wilds  of  Africa.  Yet  tlii? 
uncanny  dance  in  all  human  probability  will  be  performed  in  AujriK 
of  the  present  year  in  our  own  country  in  a  Territory  which  justly 
as])ires  to  be  a  State.  The  i^articipants  in  it  by  treaty  obligations  aie 
citizens  of  the  United  States  and  their  children  pnpiLs  of  the  public 
schools. 

There  is  little  doubt,  however,  that  this  survival  of  aboriginal  cere 
monials  will  soon  become  extinct,  although  up  to  the  x>re^ent  time  it  has 
been  but  little  modified  by  the  new  environment  which  the  white  men 
are  bringing  to  the  Tusayan  Indians.  The  ceremony  is  not  a  hap- 
hazard or  temporary  invention  of  priests  to  entertain,  but  a  part  of  a 
serious,  precise  ritual  which  has  survived  from  prehistoric  times  to  onr 
day.  Fifteen  years  ago  the  existence  of  this  dance  was  praeti<*aliy 
unknown,  and  today,  after  searching  study,  comparatively  little  bjtf 
been  discovered.  It  may  be  wholly  abandoned  before  the  scientific 
man  is  able  to  collect  material  enough  to  make  out  what  it  all  means. 

In  order  to  consider  some  of  the  elements  of  rain  making  rites  in  tk 
Snake  Dance  and  accompanying  secret  ceremonials,  let  iis  first  turn  t<» 
the  altars  used  in  this  dramatization.  The  celebration  of  this  uncanny 
rite  is  performed  by  two  religious  societies  or  brotberluxwls,  which  are 
known  as  the  Antelope  and  Snake  priests.  The  secret  ceremonials  ot 
each  of  these  priesthoods  are  very  complicated  and  are  performed  in 
subterranean  rooms  called  kivas  into  which  uniuitiate<l  are  debarrfti 
entrance.  Each  of  these  societies  has  in  its  own  kiva  an  altar  of  com 
plicated  nature  about  which  the  ceremonials  of  a  secret  character  an? 
performed. 

The  altar  of  the  Antelope  priests  is  of  especial  interest  to  ns  in  ion 
sidering  the  rain-making  motives  of  the  ritual.  It  consists  of  an  e!at> 
orate  mosaic  or  picture  made  of  six  different  colored  sands  spread  on 
the  Hoor  and  surrounded  by  a  border  of  the  same  material. 

The  picture  represents  sixteen  semicircular  figures  of  fonr  different 

colors,  the  symbols  of  rain  clouds  of  the  four  cardinal  directions.    Fn>m 

>  one  side  of  this  composite  picture  are  drawn  parallel  lines  representing 

falling  rain.    This  sand  picture,  with  accompanying  fetishes,  is  known 
as  the  rain-cloud  altar,  the  home  of  the  rain  clouds. 

Seated  about  this  altar  for  seven  consecutive  days  the  Antel<>i>t' 
priests  daily  sing  sixteen  songs  to  consecrate  prayer  sticks,  which  ;ire 
later  deposited  in  shrines  to  the  rain  gods.  These  prayer  bearers  cou 
sist  of  two  sticks  painted  green  and  tied  together  mirtway  in  their 
length.  At  the  point  where  they  are  bound  is  fastened  a  small  packet 
of  sacred  meal,  while  to  the  same  is  also  bound  a  feather  of  the  wild 
^^         turkey.    This  feather  is  aptly  chosen,  for  the  turkey  is  associated  in 
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their  mythology  with  a  time  or  i)hice  when  the  surface  of  the  earth 
was  muddy,  and  as  they  say  the  black  tip  of  the  feather  was  colored 
by  the  turkey  dragging  his  tail  in  the  black  mud.  To  this  prayer 
bearer  is  likewise  attached  two  herbs^-one  male,  the  other  female — 
plants  which  love  the  water.  There  are  many  other  prescribed  details 
in  the  manufacture  of  this  prayer  stick  with  which  I  will  not  weary 
you,  but  there  is  one  point  which  may  be  of  interest.  The  prayer 
bearers  or  prayer  sticks  of  the  first  day  are  made  as  long  as  the  longest 
finger  of  the  left  hand,  and  are  carried  to  four  shrines  of  the  cardinal 
points,  each  of  which  is  about  7  miles  from  the  pueblo.  The  length  of 
these  prayer  sticks  diminish  each  day,  and  in  the  same  ratio  the  dis- 
tance of  the  shrines  decrease.«4.  On  the  last  of  the  seven  days  the 
X^rayer  stick  is  the  length  of  the  ultimate  joint  of  the  middle  finger,  and 
the  shrines  in  which  they  are  placed  are  just  outside  the  town.  The 
intent  of  the  prayers  and  songs  intrusted  to  these  prayer  sticks  is  for 
rain.  The  courier  who  carries  them  each  day  is  an  important  priest, 
and  his  explanation  of  why  he  proceeds  in  certain  ways  in  his  duty  may 
interest  you. 

He  runs  swiftly  through  the  whole  circuit  except  when  kneeling  at 
the  shrines,  and  is  barefooted  and  naked,  that  the  rain  gods  may  notice 
him  and  resiiond  with  equal  haste  to  the  prayers  which  he  bears.  He 
loosens  his  hair  and  lets  it  hang  down  his  back,  symbolic  of  the  way  in 
which  he  believes  the  rain  gods  carry  the  falling  rain  which  his  hair 
symbolizes.  He  makes  the  far  circuit  on  the  first  day  because  rain  gods 
dwell  far  away  beyond  all  cultivated  fields.  He  runs  in  a  circle  that 
all  the  rain  gods  may  see  him.  The  priests  hope  the  rain  deities  may 
notice  their  courier  who  bears  their  oft'erings  to  the  shrines,  and  that 
each  day  they  may  come  nearer.  Hence,  on  each  succeeding  day  the 
courier  travels  on  a  shorter  circumference.  It  is  thus  they  wish  the 
rain  clouds  to  approach  nearer  and  nearer  and  pour  down  their  con- 
tents on  their  houses  and  fields,  that  the  dry  river  beds  may  be  swollen 
witli  water  and  all  farmers  hear  the  pattering  rain. 

Consider  one  of  the  many  episodes  about  the  altar  in  the  consecration 
of  the  prayer  ottering.  Smoking,  as  is  well  known,  was  in  Precolumbian 
times  a  ceremonial  custom  among  the  aborigines  of  the  Southwest, 
and  in  the  ritual  of  the  present  pueblos  every  great  rite  opens  and 
closes  with  a  formal  smoke.  The  pipe  lighter  is  an  imiK)rtant  function- 
ary, next  in  rank  to  the  chief,  and  in  passing  the  pipe  certain  i)rescribed 
usages  are  always  followed  and  terms  of  relationship  exchanged.  The 
sixteen  songs  of  which  I  have  spoken  are  divided  into  two  groups  of 
eight  eiich  by  a  unique  observance — the  smoking  of  the  great  cloud  i)ipe. 
In  this  ceremony  four  different  kinds  of  herbs  are  loaded  into  a  conical 
pipe,  and  at  a  signal  the  pipe  lighter  passes  a  live  coal  to  the  chief, 
who  placjes  it  in  the  larger  end,  kneels  down  behind  the  altar,  places 
the  larger  end  of  the  bowl  in  his  mouth  and  blows  four  long  whiffs 
through  the  i)ipe  upon  the  sand  picture  of  the  altar.    The  smoke  thus 
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formed  is  called  the  rain  cloud,  which  it  symbolizes,  and  the  act  a  prayer 
to  bring  the  rain. 

Let  us  consider  tlie  linal  public  event  of  the  Snake  Danre^  that  so 
often  described,  when  the  snake  priests  handle  venomoas  reptile;^ 
apparently  without  fear,  in  the  presence  of  spectators.  This  unciinny 
proceeding  has  the  same  intent  as  the  secret  rites  of  which  we  hiive 
spoken — a  ceremony  for  rain.  The  reptiles  are  believed  to  be  elder 
brothers  of  the  priests,  and  they  are  gathered  from  the  fields  on  four 
successive  days  to  participate  in  the  ceremonies.  It  is  believed  that 
these  reptiles  have  more  power  to  influence  supernatural  beings  than 
man,  and  as  the  acme  of  the  whole  series  of  nine  days'  observances 
they  are  thrown  in  a  heap  on  the  ground  in  a  circle  of  sa(*,red  meaK 
and  the  chief  of  the  antelopes  says  a  prayer  to  the  straggling  mass, 
after  which  they  are  seized  by  the  priests  and  carried  to  the  ftields 
commissioned  to  intercede  with  rain  gods  to  send  the  desired  rains. 
In  fact,  the  whole  series  of  rites  which  make  up  the  snake  celebratioD 
is  one  long  prayer  of  nine  days^  duration,  filled  with  startling  com])o- 
nents  the  details  of  which  would  weary  rather  than  instruct  you. 

Let  us,  therefore,  turn  to  another  component  of  the  Tusayan  ritaal 
which  occurs  each  year  in  the  month  following  that  in  which  the  Snake 
Dance  occurs,  the  ceremony  of  the  women  priests  for  the  maturation  of 
the  corn.  I  refer  to  the  September  rites  called  the  Lalakonti,  cele- 
brated by  a  priesthood  of  the  same  name. 

The  ceremony  for  growth  of  the  crops,  which  is  practically  for  the 
harvest  of  maize,  is  directly  the  outgrowth  of  those  climatic  conditions 
which  have  made  the  Tusayan  peoijle  agriculturists.  A  failure  of  this 
crop  means  starvation,  and  maize  is  far  from  a  spontaneous  growth  in 
those  desert  sands.  Hence  the  elaborate  nature  of  the  ap]>eals  to  tlie 
supernatural  beings  which  control  this  function.  This  great  ceremony 
is  naturally  of  s]>ecial  concern  to  women,  the  providers.  The  corn  is 
the  mother,  the  corn  goddess  the  patron  deity  of  women;  the  women 
are  cliiefs  in  this  their  special  ceremonial.  In  turning  over  the  mass 
of  details  which  have  been  recorded  concerning  the  festival  of  the 
Lalakonti  it  has  seemed  to  me  that  I  could  not  better  illustrate  the 
points  which  I  especially  desire  to  develop  than  to  explain  the  altar 
used  by  these  women  priests  in  this  ceremony. 

The  altar ^  is  erected  in  a  subterranean  secret  chamber  entered  by 
a  ladder  through  the  middle  of  the  roof;  and  around  this  altar  are  per- 
formed many  rites  the  intent  of  which  is  an  appeiil  to  the  gods  of 
growth  for  abundant  harvests. 

There  are  two  upright  slats,  painted  with  symlwlic  designs,  among 
which  the  figures  of  the  rain  cloud  and  falling  rain  and  the  lightning 
which  accompanies  the  rainstorm  are  most  prominent.  Back  of  the 
altar  are  sticks  serving  as  symbols  of  the  lightning,  the  zigzag  ones 

'  For  description  of  the  Lalakonti  altar,  and  ceromoniaU  performed  about  it.  see 
American  Anthropologist,  April,  1892.     Washington,  D.  C. 
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which  he  believes  will  change  iuto  tadpoles,  aud  deposits  them  aloug  dry 
water  courses  for  the  same  reason,  that  rain  may  come.  8o  shells  from 
the  great  ocean  are  likewise  esteemed  as  bringers  of  water,  aud  frag- 
ments of  water-worn  wood  are  carefully  cherished  by  him  for  a  like 
'  j  '  I)urpose.    The  dragonfly  which  hovers  over  the  springs,  the  cotton- 

•  I  wood  which  grows  near  the  springs,  the  flag  which  loves  the  moist 

j  I  :  places,  becomes  a  symbol  of  water.     Water  itself  from  the  ocean  or 

I  from  some  distant  spring,  in  his  conception,  are  all  powerful  agents  to 

i  bring  moisture.    There  c^n  be  but  one  reason  for  this — the  aridity  of 

his  surroundings.  Not  alone  in  pictoral  symbols  does  he  seek  to  bring 
the  needed  rains.  The  clouds  from  which  rain  falls  are  symbolized  by 
the  smoke  from  the  pipe  in  his  ceremony,  and  he  so  regards  them.  He 
pours  water  on  the  heads  of  participants  in  certain  ceremonials,  hop- 
ing that  hi  the  same  way  rain  will  fall  on  his  parched  fields.  Eveuio 
his  games  he  is  influenced  by  the  same  thought,  aud  in  certain  races 
the  young  men  run  along  the  arroyos,  as  they  wish  the  water  to  go 
filled  to  their  banks. 

To  our  ways  of  thinking  these  are  absurd  ways  in  which  to  bring 
the  rain,  but  to  a  primitive  mind  it  is  a  method  consecrated  by  tradi 
tion  and  venerated  from  itfl  antiquity. 

Symbolic  figures  of  maize^  the  national  food  of  the  Hopi  Indians,  are 

no  less  common  on  ceremonial  paraphernalia  than  those  of  rain.     Maize 

is  painted  on  the  masks  of  sacred  dancers  and  represented  by  effigies  on 

altars.    It  gives  names  to  several  supernatural  beings.     Every  habe, 

when  20  days  old,  is  dedicated  to  the  sun  and  receives  an  ear  of  con 

as  its  symbolic  mother.    The  badges  or  palladia  of  religious  societies 

are  ears  of  corn  wrapped  in  buckskin — symbolic,  no  doubt,  of  the  time 

when  seed  corn  was  the  most  precious  heritage  and  preserved  by  the 

chiefs.    The  foremost  supernatural  being  in  the  Tasayan  01ympa?<i$ 

the  Corn  Maid,  who  is  figured  on  food  bowls,  baskets,  aud  elsewhenr. 

}  i  It  can  hardly  be  necessary  for  me  to  adduce  more  facts  in  supiMtrt 

'  of  the  hypothesis  that  these  two  elements  of  the  Tusayan  ritual  which 

I  reflect  the  climatic  surroundings  are  ceremonials  for  rain  and  those  for 

'  J  ;  the  germination,  maturation,  and  abundance  of  agricultural  products. 

I  The  necessities  of  life  have  driven  man  into  the  agricultural  couditioD. 

and  the  aridity  of  the  climate  has  forced  him  to  devise  all  possible 
means  at  his  control  to  so  influence  his  gods  as  to  force  them  to  seud 
the  rains  to  aid  him.  Wherever  we  turn  in  an  intimate  study  of  the 
ceremonials  of  the  Tusayan  Indians  we  see  the  imprint  of  the  arid 
deserts  by  which  they  are  surrounded,  always  the  prayer  for  abundant 
crops,  and  rains  for  his  parched  fields. 

When  one  makes  the  Tusayan  ritual  a  special  study  he  finds  it  won- 
derfully comi)licated  in  the  development  of  details.  No  Hopi  prie*1 
lives  who  understands  the  meaning  of  all  these  details,  nor  does  he 
care  for  an  explanation  of  them.  There  are  two  fundamental  factors, 
however,  which  he  can  comprehend,  and  these  are  always  on  his  lips 
when  an  explauatioii  oi  t\i^  Txfcvskal  vs.  solicited.    We  cling  to  the  rites  of 
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our  ancestors  because  they  have  been  pronounced  good  by  those  who 
know.  We  erect  our  altars,  sing  our  traditional  songs,  and  celebrate 
our  sacred  dances  for  rain  that  our  corn  may  geriuiuate  and  yield 
abundant  harvest. 

The  town  crier  calls  at  dawn  from  the  house  top  the  following  an- 
nouncement, which  is  the  key  to  the  whole  explanation  of  the  Tusayau 
ritual: 

''AH  people  awake,  open  your  eyes,  arise, 

Become  Talalioya  (child  of  light),  vigorous,  active,  sprightly. 

Hasten  clouds  from  the  four  world  quarters ; 

Come  snow  in  plenty,  that  water  may  be  abundant  when  summer  comes. 

Come  ice  and  cover  the  fields,  that  after  planting  they  may  yield  abundantly; 

Let  all  hearts  be  glad ; 

The  knowing  ones  will  assemble  in  four  days; 

They  will  encircle  the  village  dancing  and  singing  their  lays     *     «     « 

That  moisture  may  come  io  abundance.'^ 

I  have  limited  myself  to  showing  that  the  arid  climatic  conditions 
are  reflected  from  the  rites  of  one  tribe  of  Indians,  and  it  would  be  in- 
structive to  see  whether  these  facts  are  of  importance  from  the  com- 
parative side.  Tliere  are  other  equally  arid  regions  of  the  globe  where 
we  might  justly  look  for  the  same  results  if  this  climatic  condition  is 
as  powerful  in  the  modification  of  cults  as  implied.  There  are  marked 
similarities  in  the  climate  of  Arabia,  of  Peru,  and  of  Assyria,  and  as  a 
consequence  startling  resemblances  in  their  rituals.  But  there  are 
many  differences;  and  we  thus  detect  that  our  analyses  of  causes  has 
not  been  complete  or  ultimate,  for  we  have  limited  it  to  but  one  powerful 
element  in  the  modifications  of  ceremonials. 

Environment  is  a  complicated  nexus  of  influences,  organic  and  inor- 
ganic, threads  of  which  we  can  successfully  trace  a  certain  distance, 
but  which  eludes  as  we  go  further.  There  are  many  effects  where  causes 
remain  to  be  discovered,  and  many  climatic  influences  on  cults  have  yet 
to  be  clearly  discerned. 

A  few  words  more  and  I  have  done.  Theories  among  civilized  men, 
like  things  among  savages,  may  become  fetishes.  It  would  be  lamen- 
table if  environment  should  become  a  word  to  conjure  with,  or  if  we 
should  use  it  to  cover  ignorance  of  that  which  we  can  not  explain.  I 
have  tried  to  show  that  one  highly  complicated  ritual  is  so  plastic  that 
it  responds  to  climatic  conditions,  but  there  are  elements  in  it  due  to 
some  other  unknown  cause.  Because  climatic  conditions  exx>lain  cer- 
tain modifications  in  human  culture  the  tendency  would  be  to  strive  to 
make  it  do  duty  in  explaining  all.  Such  a  generalization  is  premature 
and  unscientific.  The  theory  that  diff'erences  of  species  of  animals  and 
plants  were  due  to  climatic  influences  may  have  satisfied  the  early  stu- 
dents of  evolution  before  Charles  Darwin  pointed  out  the  law  of  natural 
selection.  Environment  is  a  factor  which  profoundly  aifects  animals, 
but  a  struggle  for  existence  in  which  the  fittest  survive  is  a  law  q1 
evolution. 
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So  eiiviroDment  is  a  poteut  iufluence  ou  the  culture  of  man.  but  there 
are  laws,  as  yet  uot  clearly  made  out,  back  of  it  whicli  control  tbe 
evolution  of  man. 

Wbc»  ill  tlie  struggle  for  existence  the  fittest  came  to  be  measured  by 
degrees  of  intelligence,  and  no  longer  by  superiority  of  bodily  stractiire, 
climatic  conditions  were  still  powerful  to  modify  and  ntimnlate  tlion^lit 
The  increase  iu  intelligence  due  t4)  these  agents  did  not  develop  a 
new  species,  for,  to  whatever  heights  he  rises,  man  still  remains  Homo 
gapieiis.  If,  then,  the  specific  identity  of  all  individual  men  on  tbe 
globe  to-day  is  true,  the  suiierstitious  which  we  have  studied  are  errors 
of  minds  like  our  own,  but  imperfectly  developed  and  mo<lified  hy 
environment.  In  her  mistakes,  said  the  great  naturalist  Geoffmy  St 
Hilaire,  nature  betrays  her  secrets.  By  a  study  of  erroneous  workiug 
of  the  mind  and  their  probable  causes  we  can  discover  the  nature  of 
mind.  Below  all  ceremonials  among  all  men,  savage  or  barbarous,  may 
be  traced  aspirations  akin  to  our  own  since  they  spring  from  oar  com 
mon  nature.  Until  some  philosopher  shall  arise  who  can  ko  ana1yx« 
environment  as  todemonstratethat  the  great  religious  teachers  of  niiiii, 
who,  suddenly  apiiearing,  have  stimulated  the  race  to  great  bounds  in 
progress,  were  solely  tlie  products  of  Rurronndings,  we  may  beliere 
that  there  is  anotlier  most  jxitent  influence  behind  environment  cootrnl 
ting  ttie  development  of  culture.  Tliruughout  all  history  man,  from  bii 
own  consciousness,  has  recognized  that  coutrolhug  influence  to  be  higlitr 
than  environment,  and  no  science  nor  philosophy  has  yet  succei-ded  in 
banishing  tlio  thought  from  bis  mind. 
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THE  EELATION  OF  INSTITUTIONS  TO  ENVIEONMENT. 


By  W  JL  McGbe.» 

V 

THE  RELATIONS  OF   ORGANISMS.^ 

The  career  of  tbe  organism,  as  individual  species  or  larger  group, 
may  be  cousidered  as  the  resultant  of  two  forces,  viz,  (1)  the  initial  or 
directing  force  operating  through  heredity,  and  (2)  the  secondary  or 
modifying  force  operating  through  interaction  with  environment. 

Tlie  potency  of  environment  in  shaping  the  career  of  the  organism  is 
illustrated  by  the  forest.  Primarily  the  plant  depends  for  existence  on 
soil  and  climate,  and  vitality  fails  if  these  conditions  are  adverse;  when 
soil  and  climate  are  measurably  favorable  the  fitter  plants  strive  for 
sui)reniacy  and  some  tower  above  their  competitors.  Commonly  tbe 
trees  bear  niultitudes  of  seeds,  that  the  species  may  survive  even 
though  many  seeds  fall  on  stony  ground  and  many  young  shoots  may 
choke  among  brambles;  the  cypress,  pine,  and  other  trees  combine  to 
form  dense  and  lofty  mantles  of  foliage  beneath  which  alien  x)lants  are 
smothered;  and  through  these  and  other  means  forests  are  produced. 
Initially  the  tree  strives  against  alien  species,  but  when  its  kind  comes 
to  prevail  the  trees  strive  against  one  another  and  the  strongest,  lofti- 
est, and  hardiest  survive;  and  thus  internecine  strife  as  well  as  strife 
against  the  alien  makes  for  excellence  among  trees.  So  the  forest  is 
8hax)ed  by  environment,  beginning  with  external  conditions  and  ending 
with  the  mutual  relation  between  individuals;  and  the  career  of  the 
forest  tree  is  one  of  ceaseless  struggle,  chiefly  against  other  plants, 
both  akin  and  alien,  through  which  all  its  features  are  molded. 

The  potency  of  environment  in  shaping  organisms  is  still  more 
clearly  shown  in  desert  lands.  Here  the  strife  for  existence  is  chiefly 
between  the  organism  on  the  one  hand  and  the  i)hysical  conditions  of 
climate  and  soil  on  the  other;  here  the  x)l^nts  strive  to  x)erpetuate 
their  kind  by  individual  longevity  rather  than  by  multiplication  of  off- 
spring, so  tliat  with  most  species  seeds  are  are  reduced  in  number, 
while  with  some  species  fruiting  becomes  a  disease,  perhaps  fatal;  here 


'Saturday  lecture  in  Assembly  HaH  of  tbe  United  States  National  Museum,  May 
23, 1896.     Delivered  in  tbe  absence  of  tbe  autbor  by  Mr.  Frank  Hamilton  Cusbin*^. 

^Tbe  first  division  of  tbe  address  is  a  r<^sum6  of  tbo  earlier  lectures  of  tbe  series^ 
especiaUy  of  tbe  five  biologic  addresses  constitatiug  the  tvx^\)  cv^xix^a. 
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a<la)>tive  devices  for  checkiug  evaporntioii  and  storing  wat«r.  for  pro- 
tecting ttio  plaots  fmin  heat  ami  cold,  aiid  for  arming  them  against 
animal  enemies,  as  well  as  for  utilizing  the  energy  of  light,  are  develo^fed ; 
here  all  plants  interact  with  the  inorganic  external  In  »nch  manner 
Unit  even  unrelated  species  assume  likeness  in  form  and  fentare.  iu 
desert  lands  the  strife  for  existence  is  not  between  plant  and  [>l»iit. 
whether  akin  or  alien,  so  mncli  as  against  sun  and  sand ;  and  most  of 
the  organisms  engaged  in  this  common  strife  are  forced  thereby  into  a 
cooperation  in  which  each  benefits  the  other  and  in  which  finally  alJ  are 
united  in  a  great  solidarity  of  singular  perfection.  Sotheorganismitor 
desert  lands,  especially  the  plants,  are  modified  by  environment  in  ibe 
direction  of  likeness  iu  estenial  characters,  and  in  other  ways,  and  are 
forced  into  a  cooperative  union  transcending  specific  and  even  generic 
kinship;  and  thereby  thefiora  is  in  largemeasure  transformed,  and  the 
potency  of  heredity  is  masked  through  the  acynstment  of  the  organtsnij 
to  environment,  while  vegetal  clanship  is  exalted  into  plant  sociology. 
Ill  humid  and  in  arid  lands  alike  heredity  and  environmental  inter 
action  are  commonly  antagonistic,  and  in  this  antagoni^ui  the  strife  for 
existence  arises;  but  now  and  then,  iu  the  course  of  the  developmeut 
of  orgauic  forms,  it  chancer  that  an  organism  enters  an  eDvinnimeut 
to  which  it  is  so  peculiarly  adapteil  that  the  struggle  for  existence  if 
made  easy  through  the  conjunction  of  heredity  with  external  relalioD, 
and  in  sncli  instances  the  potency  of  vitality  is  strikingly  shown.  Such 
a  case  was  that  of  the  American  buffalo  which,  about  the  time  of  transi- 
tion of  geologic  modernity  into  historic  antiquity,  began  to  spread  over 
the  grass-c()vered  plains  of  the  mid  continent;  so  well  adapted  was  his 
environment  to  liis  needs  that  his  kind  increased  and  multiplied  » 
hundred  fold;  his  rise  was  so  rapid  that  he  far  outstripped  eneiuif^ 
and  expended  his  redundant  energy  in  covering  the  hills  and  valieT» 
with  thou  sand -weights  of  moving  tiesh;  but  through  generations  erf 
peace  and  sloth  his  vigor  waned,  his  constitution  weakened,  and  he  fell 
an  easy  prey  to  the  red  man,  and  when  the  white  man  cuuic  lie  mclied 
away  helplessly.  Commonly  such  s]>urts  of  vitality  as  that  exemplified 
iu  the  history  of  the  buffalo  result  from  human  interference  with  the 
natural  intera^'tiori  of  organisms.  The  European  rabbit,  when  ininf 
diiced  in  Australia,  escaped  the  enemies  and  inimical  factors  of  eiiti 
nmmcnt  which  had  grown  up  with  the  species  in  the  original  habitat 
and  6<K>u  increased  beyond  anticipation,  almost  beyond  lielief;  thr 
western  American  rabbit  found  liis  environment  changed  by  the  intro- 
duction of  fields  and  stock,  and  increased  enormously;  the  Knglisb 
sparrow,  the  common  daisy  of  Britain,  a  roadside  plant  of  Mexi<-o,  and 
many  other  organisms  introduced  in  the  United  States  artificially  liave 
profited  by  freedom  iVom  natural  enemies  and  have  multiplied  into  pe.sis. 
So,  in  many  parts  of  the  world,  and  at  various  times  in  the  history  ot 
the  developmentof  organisms,  the  redundance  of  vitsility,  when  relieved 
from  the  pressure  of  adverse  conditions,  has  been  exemplified:  and  it 
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is  under  these  favorable  conditions  that  the  potency  of  heredity  is  most 
conspicuous,  since  the  organisms  are  not  fain,  as  elsewhere  and  other- 
time,  to  expend  energy  in  shaping  themselves  to  their  surroundings. 

The  fertility  of  organisms  in  adaptive  devices  whereby  they  are  fitted 
to  adverse  conditions  of  environment,  shown  clearly  in  the  desert  flora, 
is  illustrated  still  more  strikingly  by  certain  insects.  The  walking 
sticks,  the  flying  leaves,  and  a  variety  of  creeping  and  leaping  and 
winging  insects  adjust  form  and  color  to  the  vegetation  on  which  they 
habitually  rest  so  closely  as  to  deceive  enemies;  stingless  flies  mimic 
the  appearance  and  habits  of  stinging  wasps  and  odorless  insects 
counterfeit  odoriferous  bugs  that  they  may  escape  molestation ;  and  in 
many  other  ways  insect  species  modify  themselves  for  their  own  benefit 
under  adverse  conditions.  The  unrelated  desert  plants  grow  alike 
toward  thorniness,  waxiness,  leaflessness,  etc.,  to  meet  common  needs, 
and  thereby  hereditary  features  are  masked;  but  in  insect  mimicry  the 
impress  of  heredity  is  lost  and  characters  produ(;ed  through  direct 
interaction  with  environment  replace  legitimate  features  expressing 
biotic  relation.  Thereby  the  exceeding  plasticity  of  the  organism  is 
displayed — a  plasticity  so  perfect  as  almost  to  suggest  that  the  initial 
force  operating  through  heredity  is  as  nothing,  and  that  environmental 
interaction  is  as  everything,  in  shaping  the  course  of  the  vital  stream. 

The  forest,  the  scant  flora  of  the  desert,  the  redundant  vitality  of 
species  chancing  to  outstrip  competitors,  insect  mimicry,  all  illustrate 
the  potency  of  environment  in  determining  the  career  of  organisms 
considered  as  units,  and  indicate  that  primary  characters  are  largely 
or  perhaps  wholly  subordinate  to  derived  organic  characters  produced 
by  interaction  with  the  external;  and  even  when  the  organism  is  viewed 
as  an  aggregation  of  organs  the  same  lesson  may  be  read.  The  func- 
tionless  splint  bones  of  the  horse  are  vestiges  of  digits  which  were  useful 
organs  in  equine  ancestors,  as  shown  by  the  joint  evidence  of  paleon 
tology,  embryology,  and  reversion;  the  functionless  and  troublesome 
vermiform  appendix  is  shown  by  Lucas  to  be  a  vestige  of  a  supplemental 
stomach  useful  to  an  herbivorous  progenitor,  but  useless  through  sev- 
eral later  stages  of  development;  the  feeble  vestigial  muscle  by  \vhich 
one  man  in  a  thousand,  and  one  infant  in  a  hundred,  is  able  to  move 
his  ear  is  an  all  but  functionless  organ,  weakened  and  nearly  lost 
through  disuse :  and  the  dozen  or  more  vestigial  structures  known  in 
man  and  the  scores  known  in  other  organisms  are  but  moribund  war- 
riors in  the  strife  for  existence,  thrown  out  of  rank  and  trampled  over 
because  of  unfitness  for  battle  against  the  great  external — they  may 
boast  long  lineage  and  noble  station  in  the  earlier  stages  of  organic 
development,  yet  their  past  counts  for  nought  in  that  ceaseless  struggle 
in  which  activity  is  life  and  inactivity  is  death.  So  among  organs  as 
among  organisms,  many  fall  behind  and  are  lost  in  the  race  for  con- 
tinued existence,  and  it  is  environmental  relation  rather  than  original 
character  that  makes  for  perpetuity. 
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Tbe  forest  of  humid  lands,  the  flora  of  tlie  desert,  the  foeless  ba&lo 
and  rabbit  and  sparrow,  and  the  mimetiv  insect  illustrate  the  |)oteiicy 
and  persistence  and  indeed  tbe  predominance  of  characters  acquired 
through  interaction  with  environment,  and  the  testimouy  of  vestigial 
organs  accords  with  the  testimony  of  the  organisms;  and  thereby  tbe 
law  of  organic  development  is  indicated.  In  general  terms,  this  lav  is 
that  tke  characterH  «/  organisms  are  determined  tkrvuj/h  interaction  irtfi 
environment.  It  is  to  be  observed  that  tbe  law  is  general  and  th»t 
exceptional  instances  are  to  be  looked  for,  yet  it  is  to  be  leiDcmhend 
also  that  no  indubitably  exceptional  instances  are  known.  It  is  indeed 
a  legitimate  and  desirable  postulate  that  there  is  an  inherent  and  per 
Bisteiit  force  in  vitality,  a  force  expressed  in  heredity  and  transcendiug 
environmental  interaction;  the  postulate  is  legitimate  since  thiseum- 
ponent  of  vitality  is  represented  in  the  life  of  each  individual  organism 
and  in  many  of  the  characters  of  species,  genera,  and  other  gTon|>s  of 
organisms;  the  postulate  is  desirable  since  it  yields  a  sort  of  datno- 
piano  from  which  the  amount  and  kind  of  adaptive  modification  maf 
be  measured ;  yet  it  must  not  be  forgotten  that,  as  applied  to  Che  greal 
aggregate  of  living  things  on  the  earth,  the  postulate  is  »  jtostuUtf 
merely ;  and  the  law  of  organic  development,  individual,  specific,  aod 
general,  is  that  the  characters  of  organisms  are  ultimately  shaped  b; 
interaction  with  environment. 

When  the  law  of  biotic  development  is  extended  to  mankind,  it 
apiH'ars  to  fail;  for  the  men  of  dt'sert  and  shoreland,  luonutaiu  atui 
plain,  arctic  and  tropic,  are  ceaselessly  occupied  in  strife  against  euti 
ronmental  conditions  which  transform  their  subhuman  associates,  W 
yet  men  remain  essentially  unchanged — some  taller,  some  stouter,  wiw 
swifter  of  foot,  some  louger  of  life  than  others,  yet  all  essentially  Hit 
sapiens  in  every  characteristic.  More  careful  examiDatiuii  iudicKM 
that  the  failure  of  tbe  law,  when  extended  to  mankind,  is  appaceDl 
only.  The  desert  nomads  retain  cnmmon  physical  characteristics,  but 
develop  arts  of  obtaining  water  and  food,  and  these  arts  are  adjuiitfd  lo 
the  local  enviroument;  dwellers  alongshore  do  not  suffer  modiliciiUuii 
in  bodily  form,  but  their  arts  are  modilied  and  they  become  tisherrKB 
and  sailors;  the  monntaineers  do  not  actjuire  the  physical  charartm 
of  the  subhuman  animals  of  tbe  mountains,  but  learn  to  use  wea|Mws 
and  to  protect  themselves  from  bodily  injury  by  artiticial  devices;  IIk 
plainsmen  remain  human  in  liody  and  limb,  but  learn  to  bunt  aud.lixr 
rowing  knowledge  from  the  desert,  to  herd  lower  animals;  the  meo  of 
the  arctic  do  not  emulate  ttieir  fur-bearing  and  blubber-making  sssoci 
ates,  but  adjust  themselves  to  environment  and  begin  tbe  cimquest  ol 
the  earth  through  the  making  of  clothes  and  the  building  of  boii9«: 
and  the  dwellers  beneath  the  equatorial  sun  bold  to  the  human  form,  rrc 
invent  mnltrfarious  devices  for  overcoming  hard  environment  thn>ngt  i 
the  aid  of  mind.  Thus  development,  differentiation,  transformutiiXL 
are  no  less  cYifttaA-leraWc,  o^  ftift\\\\TCi»\\  ^|fc\lVl*^}ttaJ^<af  lower  organisms-     I 
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indeed,  it  is  in  this  noblest  of  organisms  that  plasticity  or  adjastability 
to  diverse  conditions  oulmiuates — but  the  differentiation  is  intellectual 
rather  than  physical,  cerebral  rather  than  corporeal.  Men  were  dif- 
ferentiated initially  through  arts  of  welfare  by  which  they  began 
transforming  environment  to  their  needs;  later,  arts  of  pleasure  were 
developed  out  of  the  richness  of  a  higher  life,  and  for  the  first  time  in 
the  history  of  living  things  smiles  and  laughter  came  to  be  on  the 
earth ;  and  as  mind  grew  through  exercise,  arts  increased  and  multiplied. 

So  human  development  differs  in  divers  ways  from  the  development 
of  lower  organisms.  In  the  first  place,  it  is  fundamentally  intellectual ; 
in  the  second  place,  it  is  collective  rather  than  individual ;  and  in  the 
third  place,  it  tends  directly,  at  first  through  convenience  and  later 
through  design,  toward  the  modification  of  environment  and  the  con- 
quest of  the  earth  for  human  weal.  Yet  the  law  of  modification 
remains  essentially  unchanged,  for  mental  characters,  like  physical, 
are  shaped  by  interaction  with  environment. 

Since  human  development  arises  in  arts,  which  are  essentially  collec- 
tive, the  career  of  the  individual  is  in  large  measure  subordinate  to  the 
career  of  the  group;  and  since  the  parts  of  the  group  are  interrelated, 
while  groups  are  related  among  each  other,  the  essential  unit  is  the 
organization  rather  than  the  organism.  The  primitive  organization  is 
feeble  and  indefinite,  perhaps  to  such  an  extent  as  hardly  to  distin- 
guish man  from  lower  animals;  but  as  arts  increase,  and  as  internal  and 
external  relations  multiply,  the  organizations  grow  definite  and  laws 
are  gradually  developed,  and  institutions,  the  last  and  best  fruit  of 
intellectual  development,  are  born.  So  the  institution  springs  from 
organization  as  organization  is  produced  by  arts,,  themselves  the  off- 
spring of  intellectual  activity.  These  are  the  salient  features  of  human 
development  through  interaction  with  the  external.  While  the  funda- 
mental features  of  human  development  are  thus  essentially  distinct,  it 
is  to  be  remembered  that  their  germs  are  found  in  lower  life.  Many 
insects,  birds,  and  other  subhuman  things  possess  simple  arts,  many 
gregarious  and  other  animals  are  loosely  organized,  and  among  some 
articulates  and  vertebrates  the  organization  is  so  definite  as  to  imply 
law,  none  the  less  ef^cient  because  instinctive — indeed,  just  as  the 
ascent  of  the  human  organism  may  be  traced  through  structural  homol- 
ogies with  the  lower  animals,  so  the  ascent  of  organizations  may  be 
followed  from  a  lowly  beginning  far  down  in  the  scale  of  biotic  develop- 
ment up  to  a  splendid  culmination  in  humanity  and  human  institutions. 

THE  RELATIONS   OF   ORGANIZATIONS. 

On  humid  and  temperate  lands  and  in  shoal  waters  life  teems,  and 
the  bitterest  strife  is  between  organism  and  organism.  In  the  sun- 
parched  and  snow-mantled  deserts  of  the  land  surface  and  in  the  chill 
deserts  of  the  abysmal  waters  life  scrimps,  and  the  strife  is  between 
organism  and  inorganic  environment.  Thus  there  is  a  law  of  strife  for 
the  fecund  district  and  another  law  for  the  desert. 
sm95 45 
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Mauifold  resalts  flow  from  the  strife  of  tbe  desert.  Since  only  a  few 
organisms  cnn  be  maintaiDed,  eacli  strives  to  perpetuate  its  kiud,  not 
by  multiplyiug  pi-ogeny  as  amid  softer  surroundings,  but  by  prolong- 
ing tlie  life  of  the  iudividual  and  economizing  in  reprodiw^tive  euergy. 
Thus  plants  aud  animals  live' long  and  leave  scant  oft'spring.  Siuc* 
the  organisms  are  few,  species  can  lie  perpetuated  only  tbrough  indi- 
vidual vigor,  and  each  strives  for  this  and  other  qualities  of  iiidivida 
ality,  BO  that  tlie  plants  and  animals  are  strong  ;iud  hardy.  Sini-etbr 
organisms  are  molded  by  interatrtion  Tvith  tlie  same  iibysical  agencies 
they  grow  toward  likeness  in  form  and  function  to  the  extent  tbai 
unrelated  organisms  assume  similar  characters.  Finally,  since  tth' 
organisms  are  engaged  in  common  strife,  they  spontaneously  fall  iotti 
a  cooperation  through  which  each  assists  alien  neighbors  in  smh 
manner  that  all  are  united  against  the  common  eneniieii*  of  snn  and 
Band. 

There  are  many  grades  of  cooperation  de]>ending  on  the  numherof 
Slides  engnj^eil  tliereiu.  The  shrub  shelters  the  Held  mouse  Irom  tbe 
sun  and  the  hawk,  and  the  field  mouse  loosens  aud  fertilizes  the  soil 
about  the  roots  of  the  shrub,  and  the  two  dwell  together  in  mnliul 
tolerance,  without  enmity  or  intimate  union.  The  insect  comes  to  feast 
on  the  dowers  and  fruit  of  the  shrub,  aud  incidentally  to  spread  polifc 
and  to  be  devoured  by  the  mouse,  and  thus  plaut  and  animal  tire  linked 
in  more  intimate  union  by  the  mediate  insect,  the  desiwiler  of  one  ami 
the  i>rey  of  the  other,  yet  the  benefactor  of  both.  Then  the  gri** 
springs  about  the  burrows  in  the  shelterof  the  shrub,  and  iocidentaDr 
retains  the  Bcaut  moisture;  the  herbivore  arises  to  coiiBiime  the  gra^^ 
but  incideutiiliy  to  spread  the  seeds  of  the  shrub;  birds  gather  ti 
devour  insects  and  fruits,  and  incidentally  fertilize  the  soil  and  distrib- 
ute seeds;  and  the  carnivore  conies  to  feast  on  flesh,  yet  incidentally  m 
protect  the  shrub  aud  grass  by  decimating  the  herbivores;  and  in  tlii^ 
way  the  shrub  and  the  mouse  and  alt  the  other  organisms  are  bron^t 
into  an  intimate  union  in  which  every  habit,  even  individual  eauiitT, 
makes  for  the  common  good.  Thus  the  cooi>eration  among  the  linn; 
things  of  the  desert  begins  in  tolerance  and  ends  in  solidarity — a  soli 
darity  so  perfect  and  far-reaching  that  no  organism  exists  beyond  il- 
that  every  organism  within  its  bounds  is  directly  or  indirectly  de|WDd 
eut  on  its  advantages,  and  that  the  Bum  of  life  is  mnltiplieil  throu;^ 
itsbenellcence. 

There  are  also  several  kinds  of  cooperation  depending  on  intimH? 
of  union.  The  shrub  and  the  mouse  and  the  insect  are  loosely  liutti 
and  ea<'h  is  fi-ee  to  come  and  go  and  reproduce  after  its  kind,  yet  th«.( 
spontaneously  gather  into  colonies  or  communities  to  the  extent  ttiil 
the  prevailing  lite  of  the  desert  is  communal.  The  farmer  ant  fertilin^ 
the  silver  grass  in  an  unknown  way,  and  the  grass  flourishes  and  tbf 
ant  subsists  on  its  seeds,  so  that  each  furnishes  food  for  the  other  and 
both  increase  aud  multiply  apace;  thus,  although  free  to  come  and  p' 
aud  to  repcoducA  eaA^l  aiftj6^  Sx^  V:va&^Ui«  uit  and  grass  are  commeas^ 
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and  are  benefited  by  the  comineiisality  to  the  extent  that  they  sx)onta- 
neously  strive  for  this  form  of  union.  The  yucca  is  fertilized  by  the 
yucca  moth  so  regularly  aud  persistently  that  it  has  grown  impotent, 
while  the  moth  nests  in  the  plant  for  which  it  lives  and  would  hardly 
survive  divorce  therefrom  beyond  a  single  generation;  this  is  the 
cooperation  of  miscigenesis,^  toward  which  many  desert  organisms  have 
been  driven  in  the  strife  for  existence.^  Thus  the  cooperation  begin- 
ning in  simple  tolerance  sometimes  ends  in  bodily  union — a  union  so 
complete  that  the  component  organisms  are  transformed  unto  each 
other  and  transfigured  into  an  exalted  unity  far  transcending  individual 
or  specific  quality. 

There  are  certain  stages  in  cooperation  defined  by  the  organic  (espe- 
cially neural)  rank  of  the  cooperating  organisms.  When  the  shrub  and 
mouse  and  insect  unite  in  a  community,  the  most  highly  organized 
member  is  the  most  independent  and  measurably  dominates  its  associ- 
ates; yet  the  unconscious  domination  is  feeble  and  the  communality  is 
not  greatly  affected  thereby — this  may  be  called  the  stage  of  protocul- 
ture.  When  the  farmer  ant  affiliates  with  the  silver  grass,  or  the  honey 
wasp  of  Sonora  with  its  nectar-bearing  bush,  the  articulate  domi- 
nates and  molds  to  its  unconscious  will  the  nerveless  and  moveless 
plant;  and  though  both  organisms  are  benefited  the  higher  profits  the 
more,  and  is  ennobled  by  conquest  along  the  line  leading  to  intellectual 
dominion — this  may  be  called  the  stage  of  eoculture.  When  the  nomadic 
ancestor  of  the  Pai)ago  Indian  long  ago  entered  the  solidarity  of  the 
desert,  he  dominated  the  herbivore  and  carnivore  by  craft  as  well  as 
strength,  and  learned  to  scatter  seed  and  fertilize  soil  by  design  rather 
than  chance  and  to  protect  fruit-bearing  i)lants,  howsoever  sown,  unto 
the  harvest ;  and  since  he  strove  against  sun  and  sand  with  the  plant  and 
the  lower  animal,  he  was  forced  into  the  solidarity  which  he  only  digni- 
fied but  dared  not  destroy,  and  entered,  albeit  feebly  and  haltingly,  into 
conscious  control  of  vitality — this  is  the  stage  of  simple  agriculture. 
As  the  prehistoric  Papago  became  sedentary  and  began  to  divert  and 
store  water,  small  birds  sought  his  domicile  for  protection,  fowls 
gathered  to  glean  his  fields,  and  coyotes  and  vultures  collected  to  scav- 
enger his  homestead;  then,  since  the  dove  and  turkey  furnished  eggs 
and  flesh  and  the  coyote  sounded  a  larum  at  the  approach  of  enemies, 
tolerance  warmed  to  interdependence  and  the  lower  organisms  passed 
collectively  (for  such  is  the  way  of  natural  taming)  into  domestication 
and  later  into  artificialization  for  the  behoof  of  mankind,  yet  to  their 
own  benefit — this  is  the  stage  of  zooculture,  or  the  higher  agriculture. 
Thus  the  growth  of  cooperation  begins  with  independent  association 

'Miscigenesis  (see  Winchell,  ^'Preadamites,"  1880,  p.  80)  was  couibined  with  coin- 
mensality  in  an  earlier  diBcussion  of  the  life  of  the  desert  (''The  Beginning  of  Agri- 
cnltare,"  American  Anthropologist,  Vol.  VIII,  1895,  p.  366),  but  discrimination  is 
desirable. 

2Loc.  cit.,  also  *' Expedition  to  Seriland/^  Science,  New  Series,  Vol.  Ill,  1896, 
page  493. 
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niid  ends  with  iuterdependeot  associfttioiiororgaDizstioti — abtetwchie 
aRSOciation  of  orgaDisms  in  whicli  each  has  special  fanction  and  all 
have  individual  and  collective  profit,  while  all  are  dominated  by  the 
big-braiued  organism  for  the  good  of  his  world,  be  it  small  or  large. 

As  time  passes,  local  association  grows  into  general  organizatioD. 
Each  valley  and  hillside  has  a  pecnltar  soil  and  water  supply  aod 
tends  t«  bring  forth  |)eculiar  plants,  so  that  sach  shrnbs  as  scorn  the 
charity  of  cooperation  remain  provincial.'  When  the  plant  offen 
sweet  perfume,  or  sapid  fruit,  or  iiatritions  nnts  to  tbe  tlying  ineeci 
or  wandering  herbivore  or  migrating  bird,  it.t  pollen  and  seed  are  car- 
ried into  other  provinces  and  its  posterity  enjoy  an  ever-iDcrea«iu<; 
range  of  association;  and  thereby  tbe  force  of  life  begins  to  overcome 
local  bai-dness  and  the  unselfish  plant  becomes  a  prophet  of  good,  albeit 
of  little  honor  in  its  own  country.  When  a  herbivore  or  fowl  sacrificM 
tithes  of  toothsome  flesh,  it  tempts  camivorons  enemies,  yet  is  therebj 
led  iironi  province  to  province  and  made  to  develop  tbe  individnalitj- 
ret^uisite  for  altiniat«  success  in  tbe  strife  for  existence;  and  wheo 
beast  or  fowl  communes  with  man,  as  did  fleshly  turkey  with  flesh- 
eating  Indian,  it  enters  on  a  nobler  career  which  may  caxry  it  to  tlw 
ends  of  the  earth,  so  that  its  original  home  is  lost  in  its  general  diffoftwa. 
While  the  human  horde  hugs  the  native  heath,  it  wars  with  all  ottm 
tribes;  but  as  the  huntsmen  follow  quarry  into  neighboring  raD^«» 
they  meet  enemies,  when  the  more  savage  are  slain  and  the  mort 
peaceful  survive  and  sometimes  find  favor  among  alien  daaghtere,^ 
that  the  tribes  are  united;  and  in  this  way  clans  are  bleut  and  pror 
inces  Joined  U>  the  extent  that  i>eaceful  arts  arise  and  bind  meii. 
animals,  and  plants  in  far-reaching  union.  So  it  is  that  organizatioo 
begins  with  escape  from  provincial  barriers,  and  extends  unto  cosowp- 
olite  association — an  association  in  which  the  selfish  and  scrimiiiB; 
are  subordinate  and  the  generous  superordiaate,  while  the  hamane  ia 
mind  and  heart  dominate  over  all. 

As  time  passes  or  as  progress  rises,  organinatioD  grows  into  instilii' 
tioDS.  The  migrant  bird  returns  to  its  nest  and  the  feral  beast  hoidi 
to  its  range  and  watering  place,  and  thus  property  right  arises,  albni 
vaguely;  the  colony  of  farmer  ants  clears  a  threshing  floor  a  thooaud 
ant-lengths  across  and  cultivates  a  grass  field  thrice  as  great  and  iip 
highways  to  neighboring  farms,  and  thereby  individual  and  ochbbob 
property  right  are  adjusted;  the  modern  Papago  inherits  title  toasp<K 
of  ground  iu  the  permanent  village  and  to  another  spot  in  the  teupe- 
rale  where  crops  are  made,  as  well  as  to  a  share  in  the  spring  or  stora 
freshet,  while  his  water-storing  ancestor  mast  have  acquired  inUnet 
iu  irrigation  works;  so  that  property  right  springs  among  lower  organ- 
isms and  matures  among  men,  growing  definite  through  castom.  tfaf 
I>areut  of  common  law.    Among  beasts,  the  family  is  tbe  social  uoic 

'The  proviucial  character  of  tbe  desert  flora  haa  been  reoognis«d  b^  Taoatjr 
Coville,  GkuiJ  otUen. 
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and  the  sire  or  dam  is  the  ruler  thereof,  and  the  yonng  are  led  toward 
right  and  held  from  wrong  according  to  the  lights  of  the  ruler,  and 
thus  social  organization  and  ethical  control  arise  together;  in  the 
human  genus,  sapient  species,  and  Seri  family  the  parental  group 
appears  to  have  grown  into  the  clan  in  which  the  mother  is  householder, 
though  the  doughtiest  warrior  or  shi*ewdest  juggler  is  leader  and  law- 
giver and  controls  his  kin  by  fear,  largely  for  selfish  ends,  while  the  body 
of  common  law  changes  materially  with  each  succession  in  chiefship; 
in  the  Piman  family  andPapago  tribe,  the  closer  blood  ties  are  strong, 
though  the  clan  system  is  feeble,  and  the  ruler  is  chosen  for  wisdom  as 
well  as  courage,  and  is  advised  by  a  council  of  wise  men  and  aided  by 
subchiefs,  each  similarly  guided  by  the  old  men  of  his  village,  and  thus 
the  government  is  beneficent  according  to  the  lights  of  the  sages,  and 
the  body  of  law,  albeit  unwritten,  is  handed  down  from  generation  to 
generation  with  little  change.  So  property  right  and  jurisdiction  arise 
among  the  more  intelligent  lower  animals  and  spread  widely  among  the 
peaceful  Papago,  whose  unwritten  laws  are  like  unto  the  written  laws 
of  enlightened  nations  in  beneficence  of  aim;  and  as  justice  blossoms 
and  bears  fruit  in  beneficent  custom,  provinces  and  clans  and  gentes 
wane  and  confederation  waxes,  and  the  governmental  institution  grows 
large  and  clear.  Thus  it  is  that  the  higher  stages  of  organization  begin 
with  family  rule  and  pass  into  civics — a  series  of  institutions  embody- 
ing the  justice  of  wisdom,  the  mercy  of  humanity,  and  the  strength  of 
a  union  which  transcends  the  harsh  enmity  of  sun  and  sand  and  makes 
the  wilderness  to  blossom— institutions  only  a  little  less  firmly  fixe<l 
because  limned  on  the  tablets  of  memory  and  linked  through  song  and 
story,  rather  than  graved  on  brass  or  printed  in  books. 

Of  such  are  the  results  flowing  from  the  strife  of  the  desert.  The 
plants,  animals,  and  men  are  forced  into  cooperation  so  intimate  that 
few  live  unto  themselves  alone,  most  live  for  the  general  good;  then, 
stimulated  by  the  severity  of  the  strife,  cooperation  begets  intelligence 
which  dominates  the  desert  for  the  common  good ;  thenceforth  intelli- 
gence guides  the  communality,  commensality,  and  miscigenesis  from 
which  it  springs,  and  produces  definite  organizations  of  the  organisms 
which  are  best  for  the  most  intelligent  but  good  for  all ;  and  in  time  the 
organization  matures  in  institutions  binding  the  humans  directly  but 
at  the  same  time  binding  the  subhumans  indirectly  and  uniting  human 
and  subhuman  in  a  grander  unity — the  unity  of  intelligent  life  in  a  single 
nature-shaping  power.  The  course  of  development  is  unbroken  from 
lowly  shrub  to  ruler  of  a  principality,  and  from  simple  tolerance  between 
shrub  and  mouse  to  beneficent  law;  and  throughout  the  course  from 
lowly  beginning  to  noble  ending,  a  single  mode  prevails — it  is  not  so 
much  the  elimination  of  the  unfit  (for  this  is  the  cruel  work  of  ruthless 
nature)  as  the  combination  of  the  fit  into  superorganic  groups  of  ever- 
rising  grade.  So  the  bitter  strife  of  the  desert  makes  strongly  for  indi- 
vidual strength,  but  still  more  strongly  for  altruism  with  its  atteud^w^ 
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organizatioUB  and  iustitations;  and  -while  it  may  iiot  be  denied  that 
organizations  arise  under  Botter  skie»  wliere  organism  strives  againsst 
organism,  it  may  be  affirmed  that  the  hard  eiivironmeut  quickens  tlie 
germ  of  oombiuatiou  whose  blossom  is  law  and  whose  fruit  is  enli^ht 
enment. 

As  iiistitiitious  grow  and  spread  they  ore  fertilized  and  ennobled  by 
contact  with  one  anotlier,  much  as  languages  and  arts  are  enriched  by 
blending.  Along  Htorm-swept  shorelands  abounding  in  sea-food,  as 
about  the  (lulf  of  Mexico  in  olden  times,  primitive  men  j;;stber  to  feast 
on  the  fishes  and  mollasks.  Since  individuals  are  unable  to  stem  the 
tide  and  ride  the  storm  waves  without  occasional  or  habituiil  aid  from 
tlieir  fellows,  industrial  and  social  organizations  arise,  and  in  time  tbe 
orgauizatioiis  mature  in  fixed  institutions  adapted  first  U>  the  advan- 
tage of  the  family  group  or  clan  and  later  to  tribal  welfare.  So  i>rolific 
sborelands  tend  to  produce  populous  tribes.  Under  tbo  beneficent 
tribal  institution  the  group  expands  and  displaces  ill -organized  tribes, 
and  eventually  overflows  into  the  interior;  if  the  interior  is  adaj)led 
to  the  chase  and  jtctty  fishing,  the  overflow  retrogrades,  but  if  it  is  fo 
eouditioiied  as  to  enforce  industrial  and  social  cooperation  (as  nreall 
desert  regions),  the  overflow  improves  through  new  organizations  blend- 
ing with  the  old,  and  the  institutions  beetnue  more  general  and  still 
more  beneficent.  So  shore  lands  abounding  in  aquatic  life  with  adji- 
cent  desert  regions  seem  t«  aflbrd  the  conditions  requisite  fur  the 
development  of  civilized  institutions,  and  it  is  the  testimony  of  history 
that  civili/ation  sprung  in  regions  ko  conditioned  in  the  four  groat  lonti- 
nentsof  the  globe^Eurasia,  Africa,  South  America,  and  Xortb  America 

As  time  passes  and  as  institutions  blend,  beneficent  law(whieh  is  tbf 
framework  of  the  iustitution)  re-crejites  the  altruistic  motive  whenreii 
sprang.  Among  buuters  and  petty  fishermen  disputes  arise  ooncem 
ing  the  ownership  of  quarry,  and  these  are  settled  by  the  leaders  in  tbe 
interest  of  peace  and  clan  welfare,  and  thus  laws  arc  established  -M 
motives  fixed  which  are  collective  rather  than  individual ;  yet,  tbnmjli 
habit,  tbe  motive  is  gradually  impressed  on  the  mind  of  each  individnil 
subject  to  the  law.  Thus  justice  is  engendered.  Among  shorelami 
tribes  disputes  arise  concerning  labor,  which  is  an  impost  on  the  wtrcug 
for  the  benefit  of  weak  and  strong  alike;  much  of  the  lalior  is  i>erfom]ttl 
beyond  the  reach  of  the  loader  who  atljudicates  disputes,  so  that  t«ti 
monymust  be  taken  in  order  that  justice  may  be  done,  and  iit  tiw 
mendacity  is  <rondcmned  and  veracity  applaudc<l;  at  first  the  hlanif 
and  praise  are  collective  and  expressed  by  the  wise  men  on  the  trilul 
behalf,  yet  in  time  individual  interest  leads  to  individual  eflbrt  w 
secure  praise  and  avoid  blame,  and  law  comes  to  be  reflected  in  motiff. 
Thus  truth  is  engendered  and  justice  strengthened.  In  the  desert  lli* 
young  and  thoughtless  occasionally  famish  unless  the  more  provident 
share  their  precions  store  of  water,  and  to  prevent  weakening  tlw 
groDp  the\eadeiB^Te&Q,T\b«>Aio%^\tfl.Utyand  derogate  meanness;  at  first 
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the  rule  is  fixed  by  the  judges  in  the  collective  interest,  but  in  time  the 
custom  comes  to  be  followed  as  a  motive  by  each  normal  individual  of 
the  group.  Thus  mercy  is  engendered.  In  boreal  lands  it  is  needCul 
to  lay  up  store  against  the  long  winter,  and  thereby  thrift  is  developed 
and  property  right  is  strengthened, in  connection  with  hospitality  such 
as  arises  in  the  desert.  At  the  same  time  life  is  endangered  and  the 
group  weakened  through  predation,  and  thus,  in  the  eyes  of  the  sages, 
theft  is  the  gravest  of  crimes  and  is  severely  punished.  At  first  the 
regulation  is  collective  in  the  general  interest,  but  in  time  the  fear  of 
punishment  and  the  hope  of  commendation  become  habitual,  and  the 
habit  of  uprightness  grows  into  upright  motive.  Thus  probity  is 
engendered.  Other  environments  tend  toward  the  development  of 
si)ecial  provisions  designed  to  promote  welfare  under  the  special  con- 
ditions. Always  these  laws  bud  as  collective  regulations,  burgeon  as 
individual  habits,  and  blossom  as  altruistic  motives,  which  duly  fruit 
in  improved  laws;  and  thus  justice,  truth,  mercy,  and  probity  come  up 
to  glorify  mankind. 

So  organizations  which  find  their  germ  among  the  lower  organisms 
attain  full  develoi)ment  only  among  enlightened  men.  At  first  the 
organizations  are  local  and  reflect  the  local  environment;  they  grow 
into  institutions,  which  in  like  manner  reflect  the  surroundings  of  the 
people  by  whom  they  are  framed;  through  contact  and  commingling  of 
peoples  the  organizations  are  enlarged  and  the  institutions  enriched  and 
made  more  beneficent;  and  the  institutional  laws  pass  into  motives  and 
become  the  noblest  of  human  characters.  In  the  beginning  the  organi- 
zations, institutions,  motives  even,  are  of  the  earth  earthy,  and,  like  the 
provincial  flora  or  fauna,  pertain  to  the  tract  in  which  they  were  devel- 
oped; but  through  combination  of  the  good  and  condemnation  of  the 
bad  as  the  organizations  spread,  they  are  exalted  ever  higher  and 
higher  in  the  perfection  of  humanity.  Such  is  the  history  of  the  past, 
and  such  the  promise  for  the  future. 
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THE  CENTENNIAL  OF  THE  INSTITUTE  OF  FRANCE.^ 


By  JuLBS  Simon. 


Gentlemen:  When  General  Bonaparte  took  command  of  the  Army 
of  Egypt,  he  immediately  signed  his  proclamations  and  orders :  "  Bona- 
parte, General  in  Chief,  Member  of  the  Institute  of  Frence,"  "which 
would  be  sure,"  said  he,  *no  be  understood  by  the  lowest  drummer." 

The  institute  was  then  not  three  years  old.  It  has  since  that  time 
made  some  noise  in  the  world.  I  may  not  flatter  myself,  therefore,  that 
I  can  teach  anyone  its  short  and  glorious  history  for  the  first  time.  I 
shall  sum  it  up  in  a  few  words,  in  order  that  we  may  rejoice  together 
over  its  achievements,  but  by  no  means  that  we  may  learn  to  know  them. 

The  great  assemblies  which  at  the  end  of  the  eighteenth  century 
took  the  fate  of  France  into  their  hands  had  from  the  beginning  revo- 
lutionary instincts.  The  end  they  had  in  view  was  not  to  preserve 
existing  institutions  by  improving  them  and  by  purging  them  of  their 
abuses.  They  simply  swept  away  all  they  found  to  exist,  and,  when 
they  had  overthrown  everything,  they  felt  at  liberty  to  go  to  work  and 
reconstruct  it  all. 

The  academies  had  aided  largely  in  bringing  on  the  revolution. 
Hardly  had  they  passed  from  theory  to  action  when  they  perceived  that 
they  were  going  too  fast.  They  had  wished  to  reform,  but  all  around 
them  people  thought  only  of  destroying.  The  revolution,  on  its  side, 
as  is  the  way  with  all  revolutions,  forgot  what  had  been  given  to  it, 
and  became  exasperated  over  what  was  refused. 

It  confined  itself  at  first  to  unfriendly  measures.  The  Constituent 
Assembly  voted  with  hesitation  and  only  provisionally,  for  one  year, 
the  appropriations  which  the  finance  committee  demanded  for  the 
literary  associations,'  accompanying,  moreover,  the  vote  with  sharp 
reproaches.    The  convention  struck  some  heavy  blows.    In  the  first 

>  DiBConrse  by  M.  Jnles  Simon,  president  of  the  Institnt  de  France,  at  the  centen< 
nial  anniversary,  at  the  Sorbonne,  Paris.  Translated  from  Nature,  vol.  52,  No.  1357, 
October  31,  1895. 

'For  the  French  Academy  25,217  livres,  besides  1,200  livres  for  a  prize  to  be 
offered;  for  the  Academy  of  Belles-Lettres,  43,906  livres;  for  the  Academy  of 
Sciences,  93,458  livres;  these  two  academies  were  also  to  o£fer  a  prize  of  1,200  livres 
each. 
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place,  it  forbade  the  vacaut  plai-es  to  be  filled  again,  and,  finally,  in 
August,  17!<3,  it  suppressed  all  tbe  academies  and  literary  as^^oc-iationa 
established  by  tlie  nation. 

It  has  often  bei-n  remarked  ttiat  tbis  very  revolution  which  liad  Rup- 
presseil  all  academies,  created  tbe  institute,  whicb  is  an  academy.  TUis 
was  not  inconsistent  on  the  part  of  tbe  assemblies.  The  idea  of  ere 
ating  an  entirely  new  and  C4>mplete  academy  was  coutempor:iry  with 
the  resolution  to  make  an  end  of  the  old  academies.  The  Constituent 
Assembly  had  directed  Mirabeau  to  snbuitt  to  them  a  plan  for  a  national 
academy.  Mtrabeau  called  iu  Chamfort,  who  was  Just  then  engaged  in 
a  quarrel  with  the  French  Academy;  hence  he  wrote  a  violent  diatribe 
and  prepared  a  plan  which  Mirabesm  never  found  time  to  read  from  the 
tribune. 

Plans  for  »  national  academy  were  numerous  under  the  convention. 
Condorcet,  d'AIembert,  Daunou,  Talleyrand,  all  who  had  high  aims, 
presented  their  contributions.  It  is  said  that  Talleyrand  accepted  the 
paternity  of  a  scheme,  which  was  entirely  tlie  work  of  tbe  Abhv  De* 
rcuandes,  who  had  been  his  vicar-general  at  Autuu,  aud  who  was 
known  to  have  been  a  member  of  the  couucil  of  public  iustruction. 

Talleyrand  was  one  of  those  who  could  have  di8i>ensed  with  the 
aid  ol  u  secretary,  but  the  tradition  is  both  old  aud  [>ersistent.  All 
who  had  formed  plans  for  a  national  academy  Jealously  laid  claims  U) 
the  glorious  title  of  founder  of  the  institute.  But  historic  truth  com- 
pels us  to  inscribe  another  name  at  tbe  bead  of  this  list  of  honor,  and 
that  is  the  name  of  Richelieu,  tbe  fouiitler  of  the  French  Academy. 

We,  of  our  day,  are  more  Just  than  our  fathers  were.  Our  admira- 
tion for  tbe  great  ai-hievements  of  the  revolutiou  does  not  blind  us  to 
the  glories  of  the  monarchy,  which  are  the  glories  of  France.  We 
celebrate  the  centennial  of  the  Institute  of  France,  but  we  are  perfcctl; 
ready  to  associate  with  the  glory  of  this  day  the  founder,  or  rather  the 
founders  of  the  academies,  from  whom  the  institute  has  inheriteilits 
glory:  Louis  XIII,  and  Louis  XIV,  Bichelieu,  a<''gnicr,  and  Colliert. 
The  institute  has  been  iu  existence  since  October  2J,  1795,  but  the 
academies  of  which  it  is  composed  go  back  to  103o.  Most  assuredly 
the  Institute  of  France  counts,  from  its  foundation,  among  its  mem- 
bers a  number  of  illustrious  men.  I  shall  quote  some  of  the  uamos, 
regretting  only  that  I  can  not  mention  them  all:  Chateaabriaud, 
Victor  lingo,  Laniartioe,  Alfred  de  Musset,  Alfred  de  Vigny,  Guizot, 
Thiers,  Cousin,  in  tbe  French  Academy;  Monge,  Iterthollet,  I.agrj\njre, 
Laplace,  Lavoisier,  Fresuel,  Ampere,  Arago,  Cuvier,  Geoft'roy  Saint 
Ililaire,  Cauchy,  Chasies,  Claude  Bernard  iu  the  Academy  of  Sciencef; 
Dannou,  Victor  Le  Clerc,  Littn',  Itoissonnde,  Haae,  Naudet,  Uurnoar, 
in  the  Academy  of  Inscriptions;  Louis  David,  Ingres,  Delacroix.  Meis- 
sonier,  David  (d'Angers),  in  the  Academy  of  Fine  Arts.  I  hud  cndwl 
here  the  list  of  our  glorious  contemporaries  in  olwdience  to  thelnv 
which  does  not  pcnnit  me  to  mention  the  name  of  anyone  living  at  tbe 
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present  time — ^must  I  add  to-day  the  name  of  a  man  whom  I  knew 
more  than  fifty  years  ago  at  the  normal  school,  where  he  was  a  pupil 
and  I  a  professor,  who  was  a  friend  to  every  one  of  us,  since  no  one 
could  know  him  and  not  love  him,  and  who  was,  above  all,  the  friend 
and  benefactor  of  mankind,  the  immortal  name  of  Louis  Pasteur!  The 
roof  of  this  hall  still  resounds  with  the  echo  of  the  acclamations  that 
welcomed  him  when  he  came  to  this  very  place  to  receive  the  homage 
of  the  whole  scientific  world.  Mankind,  on  that  day  at  least,  was 
grateful  and  just. 

Thus  the  Institute  of  France  has  had,  since  the  beginning,  a  magnifi- 
cent membership  of  great  men.  We  are  proud  of  our  new  glories,  but 
we  preserve  a  grateful  and  filial  worship  for  the  heroes  of  olden  days. 
We  do  not  renounce  Corneille,  Racine,  nor  Boileau,  nor  La  Fontaine, 
nor  Bossuet,  mjr  Voltaire,  nor  Montesquieu,  nor  Buflfon,  nor  Olairant, 
nor  d'Alembert,  nor  Huyghens,  nor  Mariotte,  nor  Mabillon,  nor  llollin, 
nor  Turgot,  nor  Lebrun,  nor  Mignard,  nor  Lesueur,  nor  Philippe  de 
Champagne,  nor  Mansart,  nor  Soufilot. 

Gentlemen,  the  tricolored  flag  is  still  for  us  "the  beloved  flag;"  it  is 
the  star  of  liberty  and  of  civilization,  but  we  follow  with  love  and 
pride  in  our  hearts  the  white  flag  with  the  lilies  of  France  as  we  go 
back  from  age  to  age  to  the  century  which  was  the  great  century,  and 
which  remains,  emphatically,  the  "French  century." 

It  was  on  the  29th  of  January,  1635,  that  the  French  Academy 
received  its  official  consecration.  The  Academy  of  Fine  Arts  enjoyed 
the  same  honor  in  1648,  the  Academy  of  Inscriptions  in  1663,  and  the 
Academy  of  Sciences  in  1666.  It  does  not  suffice  to  restore  the  honor 
of  creating  the  academies  to  Louis  XIII  and  to  Richelieu.  We  nmst 
go  back  as  far  as  Conrart.  The  first,  according  to  date,  the  French 
Academy,  i^,  like  many  great  institutions,  due  to  private  initiative. 
Conrart  was  nobody;  he  never  became  anybody.  He  is  famous  only 
by  his.  silence,  a  kind  of  fame  specially  created  for  him  by  Boileau. 
It  was  he  who  first  conceived  the  idea  of  making  rules  for  a  company 
of  men  who  met  by  turns  at  the  different  members'  houses  to  discuss 
literature.  There  were  nine  men  in  this  company.  "Insignificant 
men,"  said  Voltaire  in  a  disdainful  tone.  '*  Obscure  men,"  he  after- 
wards added,  in  speaking  of  the  first  academicians,  twenty-eight  in 
number,  who  received  this  title  by  letters  patent  from  the  King  in  1635. 
Of  course  a  Corneille  or  a  Racine  was  not  to  be  had  on  the  spot  to 
introduce  into  the  academy.  We  had  to  wait  twelve  years  for  Corneille, 
thirty-six  years  for  Bossuet,  thirty-seven  for  Bacine,  forty-nine  for 
La  Fontaine  and  Boileau.  The  academy  adorned  itself  with  great 
men  very  slowly.  It  was  never  to  have  forty  great  men  at  once,  ^o 
assembly,  no  matter  when  it  existed  nor  to  what  nation  it  belonged, 
can  ever  have  at  one  time  more  than  a  limited  number  of  great  men. 
Those  whom  Voltaire  called  insignificant  men  were  perhaps  not  so 
insignificant  as  he  thought  them  to  be.    They  seem  insignificant  to 
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posterity,  but  they  were  great  in  tfae  eyes  of  their  cootemporariee.  Let 
1)8  learn,  if  only  for  the  sake  of  discretion,  to  respect  8a|>erior  men, 
even  though  they  do  not  happen  to  be  Yoltaires  nor  Molieres.  We 
can  not  and  we  must  not  deceive  ourselves  with  regard  to  men  of 
genius;  we  may  hesitate. in  our  choice  between  men  who  are  superior 
without  being  great,  snch  as  1  shall  call  distinguished  men  above  the 
average.  It  is  an  honor  for  the  enlightened  society  of  the  seveuteeiitfa 
century  that  they  at  once  attached  great  importauee  to  this  reuniou  of 
a  few  men  of  culture  who  occupied  themselves  neither  with  politica 
nor  with  religion,  but  oooitned  their  attention  exclusively-  to  literature 
and  the  products  of  the  mind.  This  love  of  letters  baa  remained  ooe 
of  the  characteristic  features  of  onr  national  taste.  From  the  time  tbe 
public  were  admitted  to  the  receptions  of  the  French  Academy  they 
have  docked  there.  When  it  opened  its  doors  on  such  days  to  vomeo, 
in  1702,  they  also  assembled  there  in  crowds.  The  academy  bus  been 
carefiil  not  to  abandon  this  practice,  which  assumed  in  time  great 
solemnity.  A  reception  at  the  academy  is  emphatically  a  Parisiao 
event.  One  must  have  been  present,  one  most  have  formed  an  opinion 
of  the  two  speeches,  to  appreciate  it.  Ivess  importance  is  attached  to 
the  most  heated  discussions  in  the  Legislative  Assembly.  The  famoiu 
"coupole"  becomes  an  inatrumeut  of  torture;  people  are  stilled  then; 
some  lose  their  consciousness.  These  fainting  women  add  to  the 
success  of  the  two  orators.  They  remind  one  of  Bpanisb  bull  lights, 
which  are  only  interesting  in  tbe  eyes  of  their  enemies  when  a  "torea- 
dor" has  been  killed. 

Cardinal  Iticheliea  heard  people  speak  of  Conrart's  Society,  and  hav- 
ing an  instinct  for  what  was  great  and  permanent,  he  believed  that 
this  association  might  become  an  institution. 

He  offered  Conrart's  friends  to  give  official  recognition  to  the  exist- 
ence of  their  association,  and  this  was  about  all  he  offered.  "Bonor- 
able  privileges,"  said  Voltaire,  "  not  <me  of  them  of  any  use ;  the  founder 
procured  for  them  not  even  a  place  of  meeting." 

In  fact,  he  rendered  the  academy  no  other  service  tban  tbat  of  not 
ignoring  it,  but  he  thought,  aud  everybody  thought  with  him,  tbat 
since  he  did  not  ignore  it,  he  controlled  it.  Many  of  Conrart's  fHeniU 
hesitated.  What  they  had  looked  for  was  liberty;  instead,  they  were 
offered  subordination.  Their  resistance  could  not  be  of  long  duration, 
however,  for  it  was  not  customary  to  resist  the  King,  nor  the  Cardinal, 
who  was  the  King.  To  refuse  a  favor  which  they  offere<l  was  won 
than  resistance;  it  was  disobedience.  Theyyielded;  they  even  offered 
thanks.  They  esalted  the  King  and  his  great  minister,  Richelieu,  who 
promised  to  protect  them. 

There  was  still  another  obstacle  to  the  official  creation  of  tbe  academy. 
The  Parliament  also  bad  a  desire  to  resist.  We  know  that  registratiw) 
was  at  that  time  necessary  to  give  efficacy  to  royal  decrees.  ParliameDt 
could  delay.     It  could  make  observations  and  even  remonstrances. 
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Finally,  however,  it  could,  on  great  occasions,  be  brought  to  sabmisskin 
by  a  special  court,  called  a  ^*lit  de  justice."  But  they  did  not  have 
recourse  to  such  extremities  in  order  to  transform  the  reunions  of 
Conrart  into  a  royal  academy,  though  Parliament  showed  its  bad 
humor  by  the  delay  of  a  year.  The  Cardinal  was  compelled  to  make 
it  understood,  that  he  meant  to  be  obeyed. 

Efforts  have  been  made  to  find  out  what  caused  this  ill  will  on  the 
part  of  the  Parliament.  It  was  not  a  question  about  the  creation  of  a 
final  court,  but  of  "simple  weighers  of  words,"  as  they  were  called  by 
the  jokers  of  the  time.  The  Parliament,  according  to  Voltaire,  feared 
that  the  academy  would  claim  some  jurisdiction  over  the  library,  and 
added  this  clause  to  the  letters  patent  of  the  King:  "The  academy  will 
only  recognize  the  French  language  and  such  books  as  its  members 
have  written,  or  which  have  been  submitted  to  its  judgment." 

I  rather  think  that  Parliament  feared  for  the  authority  which  it 
claimed  for  itself  in  religious  and  philosophical  matters.  The  academy 
question  touched  the  school  question.  The  theological  question  was 
also  in  close  proximity;  the  more  the  authority  of  the  Parliament  was 
contested  in  religious  matters  the  more  jealous  it  showed  itself.  They 
were  guided  in  this  whole  matter  by- the  same  spirit  which  later  sug- 
gested to  them  the  reform  of  the  university  through  President  Holland. 

The  King — and  I  speak  here  of  Louis  XV  as  well  as  of  Louis  XIV 
and  Louis  XIII — was  constantly  a  good  master  to  the  academies^  but  a 
master  nevertheless.  The  elections  had  to  be  submitted  for  his  appro- 
bation. This  is  a  right  which  had  always  been  reserved  for  the  public; 
it  is  still  in  existence  in  our  day.  Louis  XIV  exercised  this  power  on  a 
memorable  occasion.  He  wished  to  have  Boileau  elected;  the  academy 
chose  La  Fontaine.  The  King  refused  his  approbation.  The  academy 
therefore  hastened  to  elect  Boileau  to  the  first  vacancy.  "Now,"  said 
the  King,  "you  may  proceed  to  receive  La  Fontaine." 

The  Bang  also  at  times  interfered  with  the  work  of  the  academy,  but 
only  on  very  rare  occasions.  It  was  he,  or  rather  it  was  Kichelieu,  the 
author  of  the  tragedy  of  Mirame,  who  prescribed  that  examination  of 
the  "Cid"  which  was  contrived  to  exalt  the  glory  of  the  Cardinal,  and 
the  result  of  which  was  to  show  the  glory  of  Gomeille  in  all  its  splendor. 
Voltaire,  in  the  following  century,  under  the  pretext  of  impartiality 
and  by  mixing  apotheosis  with  criticism,  attempted  the  same  under* 
taking  and  arrived  at  the  same  result. 

The  academicians  for  a  moment  turned  aside  from  their  more  peace- 
able work  and  came  back  to  the  dictionary.  During  the  revolution 
they  did  not  escape  reproach  for  having  produced  neither  the  grammar 
nor  that  art  of  poetry  which  the  King  expected  from  them,  and  for 
having  carried  on  the  preparation  of  the  dictionary  much  too  slowly. 
The  academy  was  not  so  much  to  blame,  though,  as  it  was  believed  to 
be.  Of  the  three  objects  confided  to  its  care  it  had  chosen  the  diction- 
aiy,  which  rendered  to  the  language  the  doable  service  of  fixing  its 
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terms  and  of  explatniug  Us  rules  by  examples  boirowetl  from  tbe  best 
writers.  The  dictionary  advam^ed  slowly,  it  is  true,  but  this  verj- 
slowness  constitute!  its  strength.  Tbe  varions  readings  which  it 
recorded  were  all  jndgeil  and  adapted  to  the  times  before  receiviLg 
official  conlirmation. 

The  dictionary  itself  is  the  whole  French  Acailemy.  To  our  lan- 
guage, essentially  flexible  and  full  of  life,  w-hich  re-adily  adapts  rt^f 
to  the  expression  of  every  new  sentiinent  and  new  thought,  and  whicli 
suffices,  without  neologisms,  for  the  exposition  and  demonstration  nf 
scientific  discoveries,  it  gives  all  the  solidity  and  the  majesty  of  the  tvo 
languages  which  have  successively  formed  the  incarnation  of  Gree« 
and  of  Komc. 

Louis  XIV  was  desiroas  that  there  should  be  a  language  of  Louis 
X[V,  as  there  had  been  a  language  of  Pericles  and  a  language  of 
Augustus,  and  he  claimed  for  himself  the  honor  of  this  idea  when  lie 
said:  "The  encouragement  of  letters  and  of  fine  arts,  having  alw:iys 
contributed  to  the  splendor  of  nations,  the  late  King,  our  revered  lord 
and  i'atber,  ordered  the  establishment  of  the  French  Aciulemy  in  llKt^j. 
in  order  to  bring  language,  eloquence,  and  poetry  to  that  point  of  per- 
fection which  it  has  at  last  reached  under  our  reign." 

I  am  not  disi>osed  to  insist;  I  simply  state  what  Louis  XIV  thought 
and  those  who  have  ever  since  been  called  The  Forty.  Our  adunration 
of  our  own  masterpieces  and  our  oven  language  does  not  prevent  ua 
from  admiring  the  glories  of  other  nations.  We  took  part  iu  tlie 
centennial  of  Shakespeare;  (loethe,  Schiller,  and  Cervantes  are  iwpulat 
iu  our  schools.  Mo  one  can  ever  enter  without  feelings  of  profounil 
respect  the  church  of  Banta  Croce  in  Florence,  where  around  the 
cenotaph  of  Oantearecollected  the  tombs  of  Galileo,  of  Michel  Angelo, 
of  Jtacchiavelli,  of  Alfleri,  and  of  Cherubini. 

The  eighteenth  century  was  constantly  reproaching  the  acadeuie$, 
and  above  all  the  French  Acadeniy,  which  bore  the  larger  part  of  tbe^ 
attacks  because  it  ha<l  borne  the  larger  share  of  glory,  and  also 
because  the  public  could  more  easily  follow  its  labors,  for  haviug  electf^i 
mediocre  men,  and  for  having  left  men  of  genius  outside  its  doots. 
]  have  in  my  mind  two  men  who  were  not  members  of  the  French 
Acatlemy,  Descartes  and  Moliere.  Koussean,  whose  name  is  some- 
times mentioned  in  connection  with  the  omissioDS  of  the  academy,  was 
a  citizen  of  Geneva. 

Two  errors  in  a  century  and  a  half!  Men,  as  a  rule,  do  worse  Ihan 
that.  The  greater  part  of  Descartes's  works  was  written  iu  Latin, 
The  "Discours  de  la  Methode,"  whicli  is  one  of  the  grand  moonments 
of  the  French  language,  was  known  only  to  a  small  number  of  men 
of  science.  The  great  splendor  of  Descartes's  name  began  only  afto 
his  death,  when  it  was  at  last  understood  that  he  had  emancipatt>d 
human  reason.  Moliore's  profession  was  against  him.  We  would  laagb 
'lowjMlays,  and  with  good  reason,  at  such  an  objection.    It  was,  however, 
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a  serious  one  under  Louis  XIV.  The  "  gentlemen  upholsterers"  and 
"valets  de  chambre"  of  the  King  would  not  have  desired  to  be  made 
members  of  the  academy.  I  do  not  know  what  Moliere  himself  would 
have  thought  of  his  election.  People  were  then  preservers  of  rank  as 
we  are  now  of  propriety.  It  was  necessary  to  compel  Gatinat  to  allow 
himself  to  be  made  a  marshal  of  France.  As  to  the  other  great  men, 
whose  absence  the  convention  regretted  so  bitterly,  they  belonged  to 
the  category  of  those  whom  we  styled  a  moment  ago  great  men  above 
the  average.  They  were  justly  admired  by  their  contem[)oraries,  but 
j)osterity  has  the  right  to  choose  from  among  them.  Dufresny,  Saynal, 
Helvetius  are  great  men  the  omission  of  whose  names  caused  much 
indignation  in  1793,  but  we  of  to-day  would  disapprove  of  it  had  they 
been  elected  by  the  academy. 

Of  all  charges  brought  against  the  academy,  the  one  most  frequently 
made  was  its  fawning  upon  the  King.  It  was  a  society  of  courtiers 
who  could  have  given  lessons  upon  this  subject  to  all  the  Dangeaus 
who  ever  existed,  for  was  it  not  they  who  had  offered  a  prize  for  the 
best  answer  to  the  question,  "Which  of  all  the  King's  virtues  deserves 
the  most  praise?" 

But  this  style  and  these  sentiments  no  longer  existed  when  Gregoii^e, 
reproaching  his  "good  Fenelon"  for  having  written  a  treatise  on  "the 
control  over  a  King's  conscience,"  added,  "as  if  Kings  had  any  con- 
science !  One  might  as  well  write  a  dissertation  on  the  gentleness  of 
wild  beasts." 

The  mistake  which  men  blinded  by  passion  make,  is  to  wish  always 
to  form  a  judgment  without  taking  into  account  the  time  and  the  sur- 
roundings. With  all  respect  for  the  levelers  of  1793,  the  liberal  spirit 
which  had  manifested  itself  in  the  midst  of  the  academy  at  the  moment 
of  its  official  creation  continued  during  its  whole  existence.  The  mem- 
bers combined  with  it  an  admiration  of  the  King  the  nature  of  which 
we  do  not  understand.  The  academy  saw  France  in  the  King.  At 
that  epoch  of  history  one  was  powerful  only  on  the  condition  of  being 
dependent.  It  can  not  be  doubted  that  the  academies,  surrounded  by 
the  monarchy  with  honors,  had  become  little  by  little  veritable  aristoc- 
racies. They  had  in  the  eyes  of  the  Kepublicans  the  double  defect  of 
being  corporations,  and  privileged  corporations,  much  tainted  by  their 
privileges.  A  practice,  introduced  by  Colbert,  or  rather  by  TAbb^  Big- 
iion,  his  nephew  and  his  representative  in  the  government  of  scientific 
societies,  divided  the  academies  of  inscriptions,  of  sciences,  and  of  let- 
ters into  three  classes  of  academicians — the  honoraries,  the  jiensioners, 
and  the  pupils;  thus,  this  constituted  a  i)rivilege  within  a  privilege. 
The  French  Academy  alone  resisted  energetically;  it  refused  to  suffer 
the  affront  of  such  a  regulation.  The  French  Academy,  cince  its  crea- 
tion, had  always  had  in  its  midst  dukes,  marshals,  bishops,  and  mag- 
istrates of  supreme  courts.  These  great  lords  learned  to  treat  men 
of  letters  as  their  equals;  but  at  the  same  time  these  men  of  letters 
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learned  to  consider  themselves  great  lords.  They  complimeuted  each 
other  in  order  to  perfect  themselves  in  their  principal  daty,  which  was 
to  praise  the  King  and  his  ministers.  These  compliments  have  become 
the  speeches  made  at  the  reception  of  new  members. 

Voltaire  was  not  lenient  toward  them.  ''All  I  can  perceive  in  these 
fine  speeches,"  he  said,  ''is  that  the  new  member  having  assared  them 
that  his  predecessor  was  a  very  great  man,  that  Cardinal  Richelieu  was 
a  very  great  man,  Chancellor  S^gaier  rather  a  great  man,  the  director 
repejits  the  same  thing  and  adds  that  the  new  member  himself  might 
also  be  a  kind  of  a  great  man,  and  that  for  himself,  the  director,  he 
does  not  overlook  his  own  claims;"  and  further  on:  "The* necessity  of 
speaking,  the  embarrassment  of  having  nothing  to  say,  and  the  desire 
to  appear  clever,  are  three  things  calculated  to  make  even  the  greatest 
of  men  appear  ridiculous." 

Gould  the  convention  suffer  the  existence  of  a  body  which  spent  its 
.  time  in  heralding  the  virtues  of  the  kings,  which  was  itself  a  privileged 
body,  and  which  numbered  among  its  members  men  invested  with  a 
double  privilege?    It  was  the  aristocracy  of  the  mind,  but  still  an  aris- 
tocracy.   "  La  Montague"  and  "La  Plaine"  were  agreed  to  overthrow 
j    |,  it.    An  event  had,  however,  taken  place  toward  the  middle  of  the 

eighteenth  century  which  might  have  modified  the  judgment  of  the 
revolutionists.  Voltaire  was  admitted  into  the  academy.  The  academi- 
cians had  valiantly  defended  themselves.  Voltaire  was  twice  refused. 
Finally  he  was  admitted,  and  from  that  day  the  academy  belonged  to 
him.  He  had  already  his  newspaper,  the  Encyclopedia,  and  the  £ncy 
clopedia  went  with  him  into  the  academy,  which  was  thus  transformed 
by  anticipation  into  a  veritable  academy  of  sciences,  moral  and  polit- 
ical. He  caused  Dreclos,  d'Alembert,  Marmontel,  Condillac,  IVlorellet 
to  be  admitted,  one  after  the  other.  He  failed  with  Diderot.  He  com- 
,['  plained  bitterly,  and  with  good  reason,  for  though  Diderot  is  DOt 

exactly  an  academical  genius,  he  is  still,  beyond  all  doubt,  a  suiieiior 
man. 

Voltaire  writes  to  the  Abbe  d'Olivet:  "Do  try,  my  dear  master,  to 
give  us  a  real  academician  in  the  place  of  the  Abb6  de  Saint-Gyr,  and 
a  savant  in  the  place  of  the  Abb^  Salier.  Why  could  we  not  have  M. 
Diderot  this  time?  You  know  that  the  academy  should  not  be  a  semi 
nary,  neither  should  it  be  a  court  of  peers.  A  few  gold  ornaments  for 
our  lyre  are  befitting,  but  the  strings  must  be  of  catgut  and  they  mii^t 
be  resonant." 

Voltaire  was  not  accustomed  to  be  thwarted,  and  bad  taken  his 
revenge.  He  had  the  main  body  of  his  army  in  the  French  Academy. 
He  had  Gondorcet,  d'Alembert,  Fontenelle  in  the  Academy  of  Sciences. 
The  Academy  of  Inscriptions  showed  more  resistance,  but  ho  made  his 
way  everywhere.  He  was  the  oracle  of  the  "  cercles  des  pr^cieasest* 
whose  influence  had  replaced  the  decreasing  influence  of  the  court 
Mme.  de  Lambert^  Mme.  de  Tencin,    Mme.    Du  Deffant,    Mile,  it 
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Lespinasse,  Mme.  Geof&iii,  and  Mme.  Da  Ghatelet  received  tbeir 
iDspiratiou  fi'om  him.  He  was  the  (intermittent)  friend  of  the  King  of 
Prussia  and  the  correspondent  (and  flatterer)  of  the  great  Catherine. 
He  had  treated  Gorneille  with  arrogance.  He  believed  himself  to  be 
more  pathetic  than  Kacine.  In  philosophy  he  defied  the  clergy,  whilst 
observing  his  Easter  duties  at  Ferney  and  dedicating  his  <^  Mahomet" 
to  the  Pope. 

Judging  him  at  the  present  time  we  can  not  help  seeing  in  him  a 
precursor  of  the  revolution.  Voltaire  and  the  whole  army  he  com- 
manded had,  in  fact,  served  revolutionary  ideas,  but  they  had  thought 
they  were  invoking  a  good  genius,  and  when  they  found  themselves 
face  to  face  with  it  (I  speak  of  Voltaire's  lieutenants,  for  he  died  in 
1778),  it  seemed  to  them  they  had  invoked  the  devil.  They  hesitated 
on  the  way  and  they  became  by  this  simple  fact  the  greatest  enemies  of 
their  former  friends.  We  could  here  make  a  parody  on  that  grand 
saying:  ^^ There  is  more  rejoicing  in  heaven  over  one  sinner  that 
repenteth  -  -  -  "and  say:  ''There  is  more  wrath  in  the  revolu- 
tionary arm  y  over  a  friend  who  stops  on  the  road    -    -    -    ." 

The  academies,  whose  services  were  forgotten,  shared  the  fate  of  the 
parliaments  and  of  the  clergy.  Gr^goire,  in  a  ridiculously  emphatic 
report,  proposed  the  suppression  of  the  academies,  at  the  same  time 
asking  that  "from  amid  the  ruins"  the  sanctuary  of  arts,  rising  under 
the  auspices  of  liberty,  should  represent  the  organized  reunion  of  all 
the  scientists  and  all  the  means  of  science.  ''After  to  morrow,"  he  said, 
"the  French  Bepublic  will  make  its  entrance  into  the  world.  On  that 
day,  on  which  the  sun  will  shine  upon  a  single  nation  of  brothers,  there 
should  no  longer  be  found  on  French  soil  any  institution  which  might 
detract  from  the  eternal  principles  which  we  have  consecrated;  and 
yet  some  which  still  bear  the  stamp  of  despotism,  or  have  an  organi- 
zation incompatible  with  equality,  have  escaped  the  general  rule: 
These  are  the  academies." 

Two  years  after  having  disbanded  the  academies  in  this  polite 
manner  the  convention  did  a  great  thing — a  very  great  thing.  It 
reestablished  them,  and  in  so  doing  it  subjected  them  to  a  thorough 
modification.  The  dream  of  one  unique  assembly  of  all  scholars  and 
artists,  of  poets  and  philosophers,  already  conceived  by  the  Consti- 
tuent Assembly,  became  a  reality.  Kever  had  the  fraternity  of  letters, 
sciences,  and  arts  been  affirmed  with  such  emphasis.  The  new  institu- 
tion united  in  one  body  all  the  forces  of  passion  and  of  thought.  It 
created  above  the  ordinary  society,  occupied  with  the  cares  of  life,  a 
sort  of  special  world,  which  should  unceasingly  send  forth  new  truths 
and  masterpieces,  in  order  to  enlighten  humanity  and  to  fortify  and 
charm  it.  The  institute  should  take  no  part  in  the  Government;  it 
was  not  to  be  burdened  with  teaching.  Its  work  was  to  be  of  a  higher 
nature,  it  was  to  teach  by  example.  In  the  same  way  that  the  God  of 
Aristotle  moved  without  being  moved,  and  could  ignore  the  world  to 
SM  95 iO 
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irfaicli  lie  had  given  life,  it  i«  snfficient  for  scienusu  »nd  poets  to  exist 
and  to  be  known.  Their  works  prodoce  tlie  movement,  and  at  tbe 
same  time  tliey  regulate  it  by  tbe  admiratioa  which  they  iuspire. 
DaDDOQ,  speaking  Id  the  name  of  the  convention,  >aid:  -We  hare 
bormwcl  from  Talleyrand  and  from  Condorcet  the  jilaD  of  a  uational 
inntitnte,  a  gmnd  and  majestic  idea,  the  execution  of  which  is  to  snr- 
paKS  in  nplendrjr  all  the  noidemies  of  the  Kings.  -  -  -  .  Thia  trill 
be,  in  a  way,  the  abridgment  of  the  scientific  world,  the  representative 
brHly  of  tlie  repablic  of  letters,  a  national  temple,  the  doors  of  which, 
closed  fi»rever  to  intrigue,  will  open  only  at  the  arrival  of  peiiniw 
renown." 

This  union,  sablime  and  prodactive  of  all  that  is  cterual  in  Benliment 
and  thonght.  is  not  the  only  grand  feature  of  tbe  new  institntion.  Tbe 
academies  so  far  have  been  purely  local.  They  recruited  themselvK 
from  a  single  city  and  representwl  the  scientific  or  literary  inovemfot 
of  the  city  where  they  were  born.  Bnt  tUe  institute,  crt'ated  in  1795 
to  re))la4;e  the  academies,  is  not  a  Parisian  institntc;  it  is  a  national 
institute,  it  is  the  Institute  of  France.  The  constitution  of  the  year:!, 
the  formala  of  which  is  faithfnlly  reproduced  by  tbe  eonstitation  «>f  tbr 
year  K,  declares  it  in  tbese  solemn  words:  "There  is  for  the -winJe 
Kepuhlie  one  single  national  institnte,  charged  with  collecting  ilisn)t 
cries  and  with  perfecting  the  art  s  and  the  sciences,''  <  "onld  I  forgpt.  is 
the  sight  of  this  assembly,  that  the  national  convention  opened  (bf 
doors  of  the  in.stitute,  not  only  to  all  men  of  French  nationality,  hut  t« 
all  great  men,  whatsoever  be  their  origin!  JustasLouia  XIV  rewarded 
genius,  no  matter  to  what  nation  it  belonged,  the  convention  also  created 
within  the  institute  the  onler  of  Foreign  Associates,  which  permibiu 
to  inscribe  on  our  lists  of  honor  Huyghens,  Newton.  Leibnitz,  and. 
nearer  home,  Kossini  and  Meyerbeer. 

The  work  of  the  convention  is,  tlierefore,  not  the  rtscreation  of  ti* 
former  a<!a<lemics,  disguised  under  new  names  and  mo<liticd  in  second 
ary  details  of  their  organization.  It  is  in  fact  a  new  work.  It  is> 
creation,  a  imwerful  creation.  It  is  the  Academy  of  France.  represfBt- 
ing  at  the  same  time  sciences,  letters,  and  arts.  It  contain.^  thcfonnd 
academies,  but  inclosing  tliem  in  a  new  and  strong  synthesis.  It  ijoo 
right  and  onr  duty  on  this  day  of  rejoicing  tooflerour  homage  alike  to 
the  old  academics  which  iircjiared  the  institute  and  to  the  institni* 
which  contains  and  completes  the  former  academies.  Tbe  work  f^ 
the  convention  is  grand  enough  to  enable  ua  to  ackuowle<lge  that  tk 
Assembly  had  been  less  happy  in  tbe  details  of  execution  than  in 
the  first  conception.  It  had  exaggerated  everything;  its  own  autlioritr 
over  the  institute,  and  the  authority  of  tlie  institnte  over  the  membe* 
who  compose  it.  It  did  not  know  what  liberty  meant.  It  said,  »f 
Louis  XlVdid:  I/ctat  c'est  moi !  and  when  it  had  nsnrped  all  |wt« 
it  said:  "Now  we  are  free!" 

The  llrat  fault  of  tbe  convention,  in  this  as  in  many  other  tbiugs.  f»* 
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its  immoderate  love  for  sweeping  destruction.  It  suppressed  the  acad- 
emies, which  it  might  have  modified  while  i)re8erving  them.  It  even 
suppressed  their  names  in  the  reorganization  which  it  undertook  after- 
wards. It  has  been  said  with  truth  that  it  was  afraid  of  words.  It 
replaced  those  illustrious  names  by  common  appellations  of  first,  second, 
and  third  class,  and  yet  succeeded  by  these  changes  only  in  veiling  all 
historic  associations.  It  effaced  another  name  which  should  have  been 
particularly  sacred  to  it.  Having  to  place  philosophy  in  the  class  of 
sciences,  moral  and  political,  which  it  was  organizing  for  the  first  time, 
it  rexdaced  this  name,  which  might  have  suggested  spiritualistic  beliefs, 
by  that  of  analysis  of  sensations  and  of  ideas,  which  recalls  only  Con- 
dillac.  Chaptal,  who,  already  in  1801,  reproached  the  organization  of 
the  institute  with  "having  gone  much  too  far  away  from  what  expe- 
rience had  proved  to  be  perfection  in  the  composition  of  our  old  acad- 
emies," made  in  1803  a  new  j)lan  in  which  he  showed  himself  more  just 
and  more  able  than  the  convention.  He  even  proposed  to  restore  the 
names  of  the  old  academies,  on  which  France  had  prided  herself  for 
more  than  a  century  and  which  had  become  the  model  of  the  literary 
and  scientific  institutions  formed  successively  in  all  parts  of  Europe. 
The  council  of  state  would  not  consent.  It  approved  of  the  bulk  of 
the  proposition,  but  it  did  not  restore  the  names  of  the  old  academies. 

The  Academy  of  Moral  and  Political  Sciences,  founded  for  the  first 
time  in  1795,  and  which  formed  the  second  class  of  the  institute,  had  a 
short  existence.  The  First  Consul  had  one  day  said  to  M.  de  Segur: 
"You  preside  over  the  second  class  of  the  institute.  I  command  you 
to  tell  them  that  I  do  not  wish  to  have  politics  discussed  at  their  meet- 
ings. If  the  class  disobey  I  shall  abolish  it  as  a  bad  club."  True  to 
the  end  to  his  aversion  for  those  whom  he  styled  ideologists,  when  he 
j)roceeded  with  the  reorganization  of  the  institute  in  1803,  he  suppressed 
the  second  class  by  silence,  suppressing  its  name  and  distributing  the 
members  among  the  other  classes. 

The  first  mistake  of  the  convention  was  then  to  give  up  venerable 
names  and  an  illustrious  past;  it  made  another  mistake  in  the  mode  of 
election  which  it  adopted.  The  candidates  were  presented  by  the  class 
in  which  a  vacancy  occurred,  and  the  institute  as  a  body  was  charged 
with  choosing  from  among  the  candidates  thus  presented.  Never 
before  had  fitness  been  treated  with  such  contempt.  An  actor  decided 
the  election  of  a  mathematician.  A  painter  judged  a  philosopher. 
Here  was  an  assembly  which  admitted  Jews  among  the  voters  for  the 
election  of  Catholic  bishops.  Election  by  class  or  academy  was  only 
established  in  the  year  11  upon  a  report  made  by  Chaptal. 

The  convention  committed  another  error.  The  effect  of  the  two  first 
was  to  exaggerate  unity,  the  third  exaggerated  and  misrepresented  the 
national  character  of  the  institute.  It  was  the  institute  of  France, 
and  they  wished  it  on  that  account  to  be  composed  partly  of  Parisians 
and  partly  of  provincials.    It  would  have  been  sufficient  to  say  that 
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meo  of  the  first  merit  <xiuld  be  elected,  whether  they  resided  in  I'aris 
or  elsewhere.  No,  it  seemed  to  be  more  radical  to  divide  by  halves. 
This  even  censed  to  be  just,  becaase  Paris  had  a  popalatlon  of  only 
500,0UU  inhabitants  and  the  provinces  counted  25,000,000,  aod  this  vu 
not  reasonable,  since  a  man  of  eminence  might  desire  to  live  in  I'am 
becanse  of  the  libraries,  the  museum,  the  amphitheaters,  and  all  the 
other  means  of  study  there.  A  section  of  the  dramatic  art  had  be«n 
admitted;  three  Parisian  actors,  three  provincial  actors.  Everyone  is 
aware  that,  althongh  great  actors  may  have  their  beginning  in  tbe 
provinces,  they  can  not  remain  there  where  they  have  neither  tradi- 
tions, nor  schools,  nor  the  auxiliaries,  nor  the  public  which  they  n(«d. 
nor  material  resources.  As  much  may  be  said  of  scholars  and  of 
artists.  The  residence  rule  was  very  strh't  then,  mui-h  more  so  thanil 
has  been  since.  A  member  uniniiiated  to  represent  Paris,  and  vbo 
took  np  his  residence  definitely  in  the  provinces,  was  forced  t*>  seodiii 
his  resignation.  Destrutt  de  Tracy,  who  lived  at  Aateail,  was  nomi 
Dated  a  nonresident  member.  The  greatest  error  committed  perhaps 
is  the  inside  regulation  of  work,  which  was  imposed  by  organic  decree. 
The  Goverumeut  claimed  in  this  regalation  the  right  to  request  the 
opiuiouof  the  classes  of  the  institute.  It  was  especially  to  the  Acadenij 
of  Sciences  that  it  .-uldressed  these  demands.  It  consulted  it  on  tbr 
subject  of  covered  conveyances  destined  for  the  removal  of  the  sick,  oo 
the  improvements  to  be  made  in  hospital  regulations,  on  the  monetary 
system,  on  a  way  of  reconciling  the  era  of  the  Republic  mth  the  com 
mon  era,  on  a  new  kind  of  cannon  ball,  on  an  oiled  taffeta  snitablt 
for  making  cloaks  for  the  troops,  on  the  idea  of  placing  several  rowf 
of  guns  on  a  common  frame,  on  the  preservation  of  drinking  wal« 
on  board  ship,  on  the  preservation  of  biscuits  and  of  vegetables  at  sn. 
There  were  also  ijuestions  for  the  other  classes,  even  philosophical 
questions,  which  tended  to  make  a  state  doctrine.  Nothing  is  mwe 
hostile  to  philosophy  and  to  true  policy,  and  nothing  can  impede  mm 
serionsly  the  progress  of  science  and  the  splendor  of  academies.  Id  i 
well  organized  literary  body,  tbe  authority  of  each  member  grows  with 
that  of  the  association,  but  on  condition  that  there  shall  result  from  it 
no  intermeddUng  by  the  Government,  nor  by  the  academy,  witli  to 
individual  labor.  When  General  Cavaiguac,  to  refute  the  socialists  rf 
1848,  asked  the  Academy  of  Moral  and  Political  Sciences  to  write 
some  popular  pamphlets  on  the  subject,  the  academy  failed  to  doit— 
we  must  frankly  confess  it — although  it  had  appealed  to  the  greater 
men  of  science.  A  great  mind  is  not  found  in  work  done  on  demand' 
(ieniuB  must  breathe  the  air  of  liberty. 

This  right  of  requisition  did  not  aitpertain  to  the  Government  atone: 
it  beloiigetl  also  to  the  public.  Every  author  could  demand  an  analj'^i 
of  his  book,  every  inventor  an  examination  of  his  discovery,  Tbns.tbe 
acadenricians  were  no  longer  masters  of  their  own  time.  lamnotoii^ 
astOQlshed  at  tUeir  being  assigned  two  costtunes,  one  for  ceremoBioff 
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occasions,  and  one  to  work  in.    Ko  one  seemed  to  see  that  being  bound 
to  serve  everybody  they  had  no  longer  time  to  serve  science. 

I  do  not  wish  to  enumerate  all.  I  shall,  however,  mention  the  sup- 
pression of  the  perpetual  secretaries  who  were  replaced  by  two  secre- 
taries, elected  semiannually.  This  was  taking  from  the  academies  their 
unity,  their  life.  Chaptal,  in  1801,  speaking  of  the  old  academies,  said: 
^^The  same  man  followed  all  the  details  of  the  academy,  became  its  his- 
torian, and  connected  in  a  very  peculiar  manner  the  glory  of  his  name 
with  that  of  the  body,  whose  organ  he  was.  There  was  more  consist- 
ency in  the  administration,  greater  celerity  in  the  execution,  and  it 
can  not  be  denied  that  the  reestablishment  of  a  perpetual  secretary  for 
each  class  of  the  institute,  by  opening  a  career  which  presents  so  many 
great  men  as  models,  would  contribute  to  the  glory  of  this  body  and  to 
the  progress  of  science."  And  later,  in  1803,  he  returned  to  the  charge. 
"The  reestablishment  of  these  places,"  he  says,  speaking  of  the  per- 
petual secretaryships,  "will  revive  a  branch  of  eloquence  which  has 
been  very  much  neglected  for  the  last  ten  years,  and  will  give  to 
academical  labors  that  spirit  of  order,  that  combination  of  facts  with 
thoughts,  which  alone  can  precisely  fix  the  dates  of  discoveries  and 
trace  with  accuracy  the  history  of  human  knowledge." 

Although  declaring  that  it  renounced  the  academical  past,  the  con- 
vention, by  the  very  force  of  circumstances,  had  preserved  for  its  insti- 
tute all  the  advantages  which  the  old  academies  enjoyed.  It  retained 
the  recognition  of  the  institute  by  the  sta»te,  and  the  intervention  of 
the  state  in  interior  regulations.  It  left  to  the  institute  the  home 
of  the  academies,  the  library,  the  participation  in  the  nomination  of 
professors  in  the  great  literary  and  scientific  establishments.  The 
institute  has  carefully  preserved  this  prerogative,  and  still  presents 
candidates  for  the  College  of  France,  the  Museum,  the  Academy,  the 
schools  of  Bome  and  of  Athens,  the  School  of  Maps,  the  School  of  Living 
Oriental  Languages,  the  Conservatory  of  Arts  and  Handicrafts,  the 
Observatory,  the  Polytechnic  School.  It  has  preserved  the  gratuitous 
copies  and  the  prizes  known  as  prix  du  budget,  to  which  are  now  added 
certain  prizes  founded  by  private  initiative,  the  annual  amount  of  which 
does  not  fall  much  short  of  524,500  francs !  On  the  29th  Messidor, 
year  4,  the  convention  gave  to  each  member  of  the  institute  an  annual 
indemnity  of  750  myriagrams  of  wheat,  and  on  the  19th  Thermidor  fol- 
lowing it  decided  that  out  of  this  indemnity  there  should  be  kept  back, 
on  account  of  each  member,  a  sum  equal  to  150  myriagrams  of  wheat, 
to  be  distributed  among  those  who  had  been  present  at  the  meetings, 
both  general  and  special,  in  each  class. 

In  1803,  upon  a  rex>ort  made  by  Chaptal,  the  members  of  this  insti. 
tute  were  permitted  to  belong  to  several  academies  at  once,  and  in 
consequence  to  combine  several  indemnities.  ^^This  gives  us,"  said 
Chaptal,  **the  means  of  opening  to  men  of  distinction  many  avenues 
to  glory  and  to  comfort,  and  in  consequence  the  means  of  multiplying 
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and  promotiog  talent."  The  right  of  accamnlating  academies  still 
exists,  lint  that  of  accuinalatiog  indemnities  lias  been  done  away  witli. 
We  are  still  at  the  750  inyriagrams.  Those  among  as  who  belong  to 
several  academies  receive  only  one  indemnity.  We  boast  of  not  being 
rieli.  The  members  of  the  institute,  when  750  mjTiagrams  of  wheat, 
or,  to  speak  more  intelligibly,  1,500  franca,  were  lixed  as  tlie  indemnity 
which  was  to  relieve  them  of  all  cares  of  life,  never  imagined  in  their 
most  ambitious  dreams  tbat  they  would  possess  one  of  these  days  oat 
of  the  most  beautiful  palaces  in  the  world,  with  a  picture  gallery,! 
library  created  all  at  once  by  the  gift  of  a  great  writer  and  doubled 
by  an  eminent  scholar,  woods,  lakes,  and  a  whole  world  of  beautiAil 
souvenirs. 

It  wonld  perhaps  be  well  to  recall  here  the  fact,  in  order  to  explain 
both  our  wealth  and  our  poverty,  that  all  gifts  made  to  the  institute 
are  made  to  science  or  to  the  poor.  The  members  of  the  institute  never 
profit  by  them.  A  new  donation  is  for  them  only  an  increase  of  lalwr. 
The  Emperor  Napoleon  III  wished  one  day  to  raise  the  iudemnity  from 
1,500  francs  to  5,000,  which  made  a  very  respectable  qanntity  of  wheat. 
The  institute,  however,  upon  being  consulted  expressed  its  gratitad« 
and  reftised. 

It  has  sometimes  been  remarked  that  all  the  efforts  of  the  revoliitino 
to  transform  the  academics  were  after  all  but  illusory.  Ou  tUeSthof 
August,  1793,  they  are  suppressed — on  the  25th  of  October,  17H.'),  tbey 
are  replaced  by  the  institute.  It  was  almost  immediately  i>erceireii 
that  this  institute,  just  because  it  was  new,  was  not  likely  to  live.  From 
1803  they  eommerico  to  reform  it;  the  reforms  are  multiplied  from  yeai 
to  year,  and  to  what  did  they  lead  1  To  suppressing  the  greater  pirt 
of  the  innovations,  to  restoring  the  old  academies,  and  even,  in  ISA 
to  giving  them  back  their  names.  Those  tbat  speak  thui^  do  not  see 
that  there  remains  to  the  revolution  the  glory  of  having  establi.'tlipd  a 
close  bond  between  the  academies,  of  having  ajipreciated  tbe  solidaritv 
of  letters,  sciences  and  arts,  of  having  put  the  acatleuiies  in  more  iuti- 
mate  communication  with  the  public,  and  of  having  given  them  w 
and  serious  means  of  influence. 

From  tbe  ancient  associations  and  the  rearranging  of  tbe  new  oiie$ 
resulted  the  present  institute,  in  which  the  ]irotection  of  the  state  does 
not  exclude  tlie  liberty  of  the  members,  where  each  one  is  alone  resgton 
sible  for  his  own  doctrine,  where  solidarity  of  honor,  which  unites  ali 
the  members,  makes  eccentricities  impossible,  where  all  the  members 
united,  without  losing  their  identity,  lend  each  other  mutual  assi^tamv 
and  yet  never  fall  into  confusion,  where  all  the  work  done  tends  to  tlie 
manifestation  of  truth  and  to  the  triumph  of  art — abo<ly,  in  fine,  vliieli 
unites  in  just  proportions,  authorily  and  liberty,  and  which  deserves 
to  be  held  up  as  a  model  to  all  civilized  nations. 

I  venture  to  add,  gentlemen,  that  your  presence  here,  that  of  the 
respected  cMef  of  tVe  \i»X\o\v,»,ad  the  splendor  which  is  tbe  result,  will 
give  to  tbe  Institute  ofETtt.\\«fc  B.'av»i  «»\iaftKt%to*«i. 
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The  world  for  the  past  twenty- five  years  has  been  witnessing  a  curious 
spectacle.  On  one  hand  the  governments  are  multiplying  with  a  sort 
of  rage  preparations  for  war.  They  are  building  fortresses,  they  are 
castiug  guns,  they  are  filling  their  arsenals  with  projectiles.  Military 
service  in  the  active  army  is  required  of  all  young  men  without  excep- 
tion to  the  extent  of  emptying  the  schools  and  of  disorganizing  public 
and  private  service,  of  taking  from  agriculture  and  industry  the  arms 
which  they  need.  They  retain  all  citizens  in  the  bonds  of  military 
service  until  their  forty-fifth  year.  It  looks  as  if  the  battle  were  to  be 
fought  to-morrow. 

At  the  same  time  all  philosophers  and  publicists,  all  statesmen  and 
the  sovereigns  themselves,  protest  in  loud  tones  their  horror  of  war. 
They  want  peace.  They  must  have  it  to  give  to  labor  security,  to  intelli- 
gence its  rights,  and  to  the  year  its  spring.  Leagues  for  the  maintenance 
of  peace  are  formed  on  all  sides,  congresses  are  convened  to  protest 
against  "armed  peace,"  which  is  more  ruinous  and  more  murderous  than 
war. 

Alas !  These  congresses  bring  nothing  but  good  wishes !  That  is  a 
great  deal,  and  yet  it  is  nothing.  They  bring  good  wishes,  and  I  dare 
not  say  that  they  bring  hopes!  What  mankind  needs  is  not  words, 
nor  does  it  need  sighs.  It  needs  acts.  What  will  revive  true  fraternity 
between  men  is  great  works  done  in  common,  and  great  services  done 
to  humanity. 

Here  you  have  before  your  eyes  the  true  Congress  of  Peat^e!  This 
is  the  congress  where  Truth  is  beloved  for  its  own  sake,  no  matter  in 
what  country  it  comes  to  light,  where  poetry  is  worshiped  in  all  lan- 
guages, where  great  discoveries  call  forth  the  same  enthusiasm,  no  mat- 
ter what  may  be  their  origin,  and  where  no  other  emulation  is  known 
save  that  of  doing  well.  The  land  of  eternal  truth  and  of  eternal  beauty 
is  also  the  land  of  peace. 

Associates  and  correspondents  of  the  Institute  of  France,  you  will 
carry  away  with  you  not  only  the  remembrance  of  the  warm  sympathies 
which  welcomed  you  here,  we  shall  all  of  us  carry  away  from  this  fra- 
ternal reunion  an  increased  love  of  pea<*e,  of  the  sciences  which  make 
it  bear  fruit,  and  of  the  arts  which  embellish  it.  And  we  shall  labor, 
each  one  of  us  in  his  chosen  corner  of  the  universal  workshop,  for  the 
prosi^erity  of  the  house — that  is  to  say,  for  the  happiness  of  mankind. 
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By  Chables  L.  Babnes,  M.  A.,  F.  C.  S, 


Fnder  the  ample  shelter  afforded  by  the  words  " literary '^  and  "philo- 
sophical/' I  feel  that  a  paper  on  the  process  of  science  in  England 
from  the  seventh  to  the  thirteenth  century,  inclusive,  may  find  admit- 
tance, though  that  which  is  new,  and  not  that  which  is  old,  is  more 
usually  welcomed  within  these  walls. 

The  authorities  from  whom  my  remarks  have  been  gathered  are,  in 
the  main,  as  follows: 

(1)  Popular  Treatises  on  Science,  written  during  the  Middle  Ages  in 
Anglo-Norman,  Anglo-Saxon,  and  English,  edited  by  Thomas  Wright, 
and  published  for  the  Historical  Society  of  Science,  1841.  This  society, 
whose  existence  seems  to  have  been  forgotten,  had  for  president  the 
Duke  of  Sussex,  and  for  vice-presidents,  the  Earl  of  Munster,  Lord 
Holland,  the  Bishop  of  Durham,  and  three  others,  while  several  dis- 
tinguished names  appear  on  the  council,  viz,  Augustus  de  Morgan, 
J.  O.  Halliwell,  Sir  Francis  Palgrave,  the  Rev.  Robert  Willis,  professor 
of  natural  experimental  philosophy  at  Cambridge,  Thomas  Wright, 
and  several  more.  Another  of  its  publications^  also  issued  in  1841, 
has  the  following  title:  A  Collection  of  Letters  illustrative  of  the 
Progress  of  Science  in  England  from  the  Reign  of  Elizabeth  to  that  of 
Charles  II,  and  is  edited  by  Halliwell,  afterwards  better  known  as 
HalliweU  Phillips.  A  further  list  of  books  in  contemplation  is  given 
in  each  of  these  volumes,  but  they  are  not  to  be  found  at  the  reference 
library,  and  I  have  not  yet  been  able  to  discover  when  or  why  the 
society  dissolved,  unless  it  died  a  natural  death  on  the  publication  of 
the  Rolls  series. 

(2)  Biographia  Britannica  Literaria,  by  Thomas  Wright.  Two  vol- 
umes.   Published  for  the  Royal  Society  of  Literature,  1842. 

(3)  Alexander  Keckam,  De  Naturis  Rerum,  edited  by  T.  Wright. 
1863.    Rolls  series. 

(4)  Leechdoms,  Wort-cunning,  and  Starcraft  of  Early  England, 
edited  by  the  Rev.  Oswald  Cockayne.  Three  volumes.  1866.  Rolls 
series. 

^  From  Memoirs  and  .proceedings  of  the  Manchester  Literary  and  Philosophical 

Society,  Fourth  Series,  Vol.  X,  No.  1,  1895-96. 
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(5)  Hoger  Bacou,  Opus  Miuus,  Opus  Tertium,   and    Compendiam 
Pliilosophiai,  edited  by  J.  S.  Brewer.    1859.    Also  in  the  Kolls  seriea. 

Many  fragments  have  also  been  gleaned  from  the  Eneyclopiwlia 
Britannica  and  the  Dictionary  of  National  Biography. 

This  country,  in  its  earlier  days,  lay  quite  outside  the  sphere  of 
scientific  influence;  remote  from  Egyi)t,  Rome,  or  Greece,  and  the 
arena  of  constant  struggles  between  the  native  races  and  their 
invaders,  it  offered  more  attractions  to  warriors  and  missionaries  than 
to  philosophers,  consequently  we  may  pass  over  not  only  the  whole 
Eoman  period,  but  a  considerable  interval  after  the  invasion  of  the 
Saxons  in  449,  without  finding  a  single  circumstance  to  dwell  upon. 
The  conversion  of  this  people  to  Christianity  was  begun  in  597  by 
Augustine,  at  the  instance  of  Pope  Gregory  the  Great,  and  the  intel- 
lectual awakening  which  followed  from  this  event  soon  bore  fruit  in 
the  development  of  the  language  and  literature.  The  poems  of  Cied- 
mon,  Oynewulf,  and  the  legendary  Beowulf  are  the  earliest  specimeus 
of  Anglo-Saxon  achievements  in  a  most  difiicult  art,  and  date  from 
660  to  700  or  thereabouts. 

In  the  eighth  century  the  cultivation  of  letters  was  taken  up  even  by 
women,  many  of  whom  wrote  Latin  and  French  with  equal  ease,  while 
all  ranks  were  in  the  habit  of  making  journeys  to  Rome,  whence  they 
returned  laden  with  books  and  ideas  which  they  did  their  best  to 
disseminate. 

The  want  of  Anglo-Saxon  scientific  terms  delayed  the  translation  of 
books  into  the  vernacular,  and  those  which  existed  in  any  language  suf- 
fered severely  between  the  ninth  and  eleventh  centuries  at  the  hands 
of  the  Danes,  and  in  a  minor  degree  from  an  unfortunate  custom  of 
scraping  the  letters  off  old  MSS.  to  make  room  for  new  matter. 

The  barbarous  Northmen,  who  have  been  described  as  the  curse  of 
England  at  that  period,  were  especially  bitter  against  monasteries  and 
the  treasures  they  contained,  and  from  the  sacking  of  Lindisfanie  or 
Holy  Island  in  793  till  the  reign  of  Canute  did  incalculable  damage. 
Under  this  monarch,  himself  a  Dane,  the  country  had  a  temporary 
prosperity.  After  him  came  the  English  restoration,  then  the  Norman 
Conquest,  and  so  on.  At  no  time  were  the  sword  and  implements 
of  war  laid  by  for  long,  and  those  whose  bent  would  have  been  toward 
philosophy  under  happier  circumstances  were  forced  to  keep  silence  or 
to  fall  in  with  the  popular  current.  These  things  must  be  borne  iu 
mind  before  we  judge  our  ancestors  too  harshly.  It  is  well  known  that 
the  Saxons  made  furnaces  for  the  evaporation  of  salt  in  Ch^hire  and 
Worcestershire,  and  contrived  dishes  of  metal  and  even  of  transparent 
glass  for  domestic  purposes,  while  their  agriculture  was  conducted  u^wd 
sound  principles,  though  with  rude  instruments. 

The  sources  of  their  scientific  information  were,  in  the  first  place, 
Greek  and  Eoman ;  but  as  they  accepted  without  question  the  authorit)' 
of  Aristotle  and  Pliny,  they  made  no  advance  worth  sx>eaking  of  till 
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the  eleventh  century.  Much  progress  had  long  before  been  made  in 
other  countries.  The  great  Alexandrian  school — ^the  closing  scene  of 
-which  was  the  murder  of  Hypatia  in  414 — had  been  continued  for  two 
centuries  in  Persia;  thence  it  was  carried  by  the  Arab  conquerors  into 
Spain,  and  flourished  abundantly  from  the  ninth  century  onward  at 
Granada,  Cordova,  Toledo,  Seville,  and  elsewhere;  but  owing  to  the 
lack  of  travelers  sufficiently  versed  in  Arabic,  and  at  the  same  time 
capable  of  assimilating  the  new  ideas,  their  diffusion  into  England  took 
place  very  slowly.  The  philosopher's  stone  and  potable  gold,  the  elixir 
of  life,  were  undreamed  of  till  the  Arabian  influence  was  felt,  and  chem- 
istry and  medicine  were  in  a  state  of  which  the  less  said  the  better. 

Of  those  who  endeavored  to  keep  alight  the  flame  of  science  in  this 
country  were,  in  the  first  place,  Bede,  the  monk  of  Jarrow  (672-735), 
styled  in  after  times  the  Venerable,  the  Father  of  English  learning, 
whose  work,  De  Natura  Kerum,  served  as  as  a  foundation  for  other 
writers  for  a  long  period,  though  it  only  represents  a  very  small  part  of 
his  literary  labors.  It  is  chiefly  a  cosmography  and  cosmogony,  the 
same  which  had  prevailed  in  Europe  for  many  centuries.  The  earth  was 
the  center  of  the  universe,  and  the  firmament  a  sphere,  bounded  by  fire ; 
beyond  this  was  heaven,  the  abode  of  angelic  natures,  capable  of  human 
and  superhuman  functions.  The  planets  were  seven  in  number  and 
revolved  within  the  firmament;  comets  were  stars  suddenly  developed, 
which  i)ortended  pestilence,  revolution,  war,  or  tempest;  lightning  was 
produced  by  the  collision  of  clouds,  just  as  fire  is  produced  by  striking 
two  flints.  This  idea  is  to  be  found  in  Lucretius,  first  century  B.  C, 
in  Book  VI,  De  Rerum  Katura:  "It  lightens  then,  when  the  clouds 
have  struck  out  by  their  collision  many  seeds  of  fire,  just  as  if  a  stone 
w^ere  to  strike  another  stone  or  a  piece  of  iron,  for  then,  too,  light  bursts 
out  and  fire  scatters  about  bright  sparks."  Probably  the  same  notion 
had  been  current  for  untold  ages  before  this. 

Two  other  works  of  Bede's  were  written  to  elucidate  questions  con- 
nected with  Easter,  this  feast  having  at  all  times  presented  problems  of 
a  most  thorny  kind.  Characteristically  enough,  Bede  believed  that  the 
world  in  his  day  was  old,  decrepid,  worn  out,  and  in  its  sixth  stage,  and 
that  it  would  shortly  come  to  an  end. 

Toward  the  end  of  the  seventh  century  (in  668,  to  be  very  precise), 
Theodore,  a  native  of  Tarsus,  was  made  Archbishop  of  Canterbury,  and 
taught  astronomy  and  arithmetic  in  the  schools,  while  Albert,  Arch- 
bishop of  York,  also  diffused  the  higher  branches  of  knowledge.  Under 
the  system  of  the  schools,  learning  was  divided  into  seven  arts,  the 
^*Trivium,"  comprising  grammar,  logic,  and  rhetoric,  and  the  *'Quad- 
rivium,"  namely,  arithmetic,  geometry  (probably  mensuration  or  sur- 
veying, not  Euclidean  geometry),  astronomy,  find  music.  The  number 
of  arts  was,  however,  sometimes  expanded  to  ten  by  the  inclusion  of 
astrology,  medicine,  and  mechanics,  though  these  occasionally  replace 
grammar,  logic,  and  rhetoric,  instead  of  supplementing  them» 

After  these  we  have  Qerbert,  born  about  ^50,\ie^\X^T  V\iQi^5RAi.V^v\!^ 
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timea  as  Pope  Sylvester  II,  and  bU  followers,  Eltbelwold  of  Wiucbester 
(925-984),  and  Dunstau  of  Glaatonbury  (93&-988),  the  lattM  of  whom 
Bubseqaently  became  Arcbbisbop  of  Ganterbary,  Uerbert,  thoagh  not 
an  Englishman,  may  be  iatroduoed  as  baviug'  made  Earopeans  ac- 
quainted with  the  Indian  numerals  and  algebra,  and  with  various 
mechanical  inventions,  auch  as  the  clock  pendulum.  He  bad  studied 
at  Cordova  and  Toledo,  and  acqaired  a  great  reputation,  not  unmixed 
witb  obloquy  as  a  dabbler  in  forbidden  tu^.  Ethelwold  was  famtd  u 
au  ingenious  mechanic,  and  a  treatise  by  him  od  the  quadrature  of  tLe 
circle  is  in  existence  at  the  Bodleiaa  Library.  Dnnstan  fell  under  the 
same  imputation  as  Oerbert,  and  is  recorded  t«  have  possessed  a  magic 
harp  which  played  sweet  tunes  by  itself  when  banging  on  a  wall.  He 
once  survived  the  ordeal  of  being  thrown  into  a  pond.  His  favorite 
studies  were  arithmetic,  geometry,  aud  music,  and  a  story  of  him  Id 
connection  with  a  pair  of  tongs  and  a  forge  has  caught  tbe  populu-ear. 

Ailmer,  a  monk  of  Glastonbury,  is  credited  with  the  majinfavbire  of 
a  pair  of  wings  wherewith  to  spnrn  the  ground.  He  broke  bis  leg  oa 
coming  down  too  roughly  after  an  attempt  to  ily  from  a  cbnrcb  tower, 
but,  with  a  true  scieutiGc  spint,  attributed  his  misfortune  to  the  want 
of  a  tail  to  the  machine. 

itobert,  Bishop  of  Hereford  (died  1095),  wrote  on  the  motion  of  tbf 
stars  and  the  lunar  computus  (a  method  of  finding  Easter).  He  abo 
compiled  a  number  of  mathematical  tables. 

Xext  we  find  Athelard  of  Bath,  whose  name  is  said  to  be  tbe  great- 
est in  English  Biiience  up  to  tlie  days  of  Grosseteste  and  Roger  Bacon. 
He  traveled  in  Greece,  Spain,  Sorth  Africa,  Sicily,  aud  probably  to 
Bagdad,  then  one  of  the  chief  seats  of  Arabian  learning,  and  transtated 
Euclid  from  Arabic  to  Latiu,  thus  introducing  a  text-book  which  still 
survives  amongst  ns.  (A  version  in  the  same  tongue  taken  direct  from 
tbe  Greek  is  said  to  have  been  made  by  Btstins,  who  lived  from  475  to 
525,  but  his  writings  were  uot  read  till  late  in  the  Anglo-Saxon  period.^ 
Later  on,  somewhere  between  1110  and  1120,  he  founded  a  school  in 
France,  where  he  tougbt  the  then  new  aud  unpopular  scientns  he  bad 
learned. 

Philippe  de  Thann,  writer  of  a  Bestiary,  to  be  noticed  presentl.r: 
William  of  Newbui-y,  who  gave  currency  to  the  fables  of  animals 
embedded  in  rocks  surviving  their  accidental  release,  and  to  legeuds 
of  dragons  and  other  monstrous  creatures  (probably  founded  on  fossil 
bones);  Alexander  Neckam  (1157-1217);  Grosseteste,  Bishop  of  Lincoln 
(died  1253),  and  Boger  Bacon  completed  a  list,  which  is  only  meant  to 
include  the  principal  names.  Of  Neckam  and  Bacon,  I  shall  have  mow 
to  say  presently,  Grosseteste  has  been  favorably  noticed  by  George 
Boole  as  haviug  bad  a  glimpse  of  the  principle  of  least  action.  Stait- 
ing  with  a  datum  derived  from  Aristotle,  that  there  is  greater  nnioD 
and  unity  in  a  straight  line  than  any  other,  and  assuming  that  all 
nuited  virtue  is  more  vowerful  than  that  which  is  not  united,  hededaoH 
that  nature,  oipetatmg  m  ft\:V»^\A\\we%,wi«t^«>^».  ^a.  tti«  beat  maniw 
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poBBible.  Heuce  he  infers  that  light  travels  in  straight  lines,  and  gives 
the  law  of  reflection  correctly,  hut  accounts  for  refraction  by  hinting 
that  the  ray  is  less  weakened  hy  this  process  thau  the  other.  He  might 
liave  learned  all  his  optica  and  more  from  Kuclid  and  Ptolemy. 

Now,  quitting  the  list  of  authors,  we  may  glance  at  some  of  their 
works,  taking  here  and  there  an  extract  where  the  quaiutness  or  inter- 
est appears  to  demand  it. 

Among  the  arithmetical  problems  in  vogne  we  have  the  following: 
"The  awallow  once  invited  the  snail  to  dinner;  he  lived  Jnat  one  league 
fl-om  the  spot,  and  the  snail  traveled  at  the  rate  of  an  inch  a  day.  How 
long  would  it  be  before  he  dined  t"  This  problem  caats  an  unworthy 
slur  upon  the  jwwers  of  locomotion  possessed  by  tlie  gasterupod,  and 
even  upon  his  intelligence,  though  it  does  not  specifically  say  that  the 
swallow's  invitation  was  accepted.  Here  is  auother,  which  has  been 
battered  to  and  fro  throughout  the  centnries,  but  which  is  still  recog- 
nizable as  an  old  friend :  "  Three  men  and  their  wives  came  to  the  side 
of  a  river,  where  tliey  found  but  one  boat  capable  of  carrying  over  only 
two  persons  at  once.  All  the  men  were  Jealous  of  each  other.  How 
most  they  contrive  so  that  no  one  should  be  left  in  company  with  his 
neighbor's  wifet "  A  third  instance  ahowa  thjit  the  arithmetical  bogey 
of  school  books,  who,  when  asked  a  straightforward  question,  answers 
it  iu  the  most  crooked  way  he  can  think  of— stretches  his  line  far  hack. 
"An  old  man  met  a  child,  '(lood  day,  my  son,'  says  he,  '  may  you  live 
as  long  as  you  have  lived  and  as  much  more,  and  thrice  as  much  as  all 
this,  and  if  God  give  yon  one  year  iu  addition  to  the  others,  yon  will  be 
just  a  century  old.'  What  was  the  lad's  ageT  "  To  prevent  a  needless 
waste  of  exertion,  I  hasten  to  say  that  he  was  eleven.  These  problema 
were  current  in  the  tenth  and  eleventh  centuries. 

Some  sciences  were  taught  by  dialogue,  never  a  good  methoil  even 
in  onr  day,  but  it  might  have  been  given  up  earlier  with  advantage  if 
the  following  are  fair  samples.  To  the  question,  "  Where  does  the  sun 
shine  at  nightt"  The  answer  is  returned  that  "It  shines  iu  three 
places:  First  in  the  belly  of  the  whale  called  leviathan, next  it  shines 
in  hell,  and  afterwards  on  the  island  called  Glith,  where  the  souls  of 
holy  men  rest  till  doomsday." 

Q.  Where  is  a  man's  sonl  t — A.  In  his  head,  and  it  comes  out  at  his 
month, 

Q.  Where  resteth  the  soul  of  a  man  when  his  body  sleepotht — A.  I 
tell  thee  it  is  in  three  places — in  the  brain,  the  heart,  and  the  blood. 

Occasionally  they  degenerate  into  riddles:  Q.  What  is  that  from 
which  if  you  take  the  head  it  becomes  liighert— A,  Go  to  your  bed 
and  yon  will  find  it.' 

The  "Popular  Treatise  on  Science,"  above  mentioned,  comprise:  (1) 
A   tract  on  astronomy  in  Anglo-Saxon,  abridged  from   Bede'n  T)i- 
Natura  Berum,  by  an  unknown  author,  probably  about  990.    i  l'j  T 
Livre  dea  Creatures,  by  Philippe  de  Thaun.    (3)  The  Bestiary.  \iy 
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same  author,  in  Auglo-Norman,  about  1120.     (4)  A  fragment  on  sci- 
ence from  the  Metrical  Lives  of  the  Saints,  about  1250,  in  English. 

In  the  astronomical  treatise  we  find,  of  the  sun,  that  "she  is  ever 
running  about  the  earth,  and  so  light  shines  und^r  the  earth  by  nigbt 
as  it  does  above  our  heads  by  day.  On  the  other  side  where  she  shine-s 
there  is  day,  and  on  the  side  where  she  does  not  shine  there  is  nigLt" 
Further  on  we  read:  *' Every  day  the  moon's  light  is  waning  or  waxing 
four  points  through  the  sun's  light,  and  he  goes  either  to  the  sun  or 
from  the  sun  so  many  points.  Not  that  he  arrives  at  the  sun,  for  the 
sun  is  much  more  elevated  than  the  moon.  It  happens  sometimes 
when  the  moon  runs  on  the  same  track  that  the  sun  runs,  that  his  orb 
intercepts  the  sun  so  much  that  she  is  all  darkened,  and  the  stars 
appear  as  if  by  night.  This  happens  seldom,  and  never  but  at  new 
moon."  This  partition  of  genders,  still  remaining  in  modern  German,  is 
also  found  in  old  !N"orse,  Arabic,  Sanskrit,  Hebrew,  etc.,  but  not  in  the 
]  Latin  or   Neo-Latin  tongues.      It  is  quite  indefensible   on    optical 

grounds,  as  the  feminine  quality,  that  of  giving  back  after  it  has 
received,  is  nowhere  more  clearly  indicated  than  in  the  case  of  oar 
lesser  light.  But  to  proceed:  "The  sea  and  the  moon  agree  between 
them;  ever  they  are  companions  in  increase  and  in  waning,  and  as  the 
moon  daily  rises  four  points  later  than  he  did  before,  so  also  the  sea 
flows  always  four  points  later."  The  origin  of  rain,  hail,  and  snow  is 
given  sensibly  enough,  but  on  thunder  the  writer  is  rather  vague.  "It 
comes  of  heat  and  moisture;  they  strive  with  each  other  with  a  fearfal 
noise,  and  the  fire  bursts  out  through  lightning  and  injures  the  prod- 
uce of  the  earth  if  it  be  greater  than  the  moisture.  If  the  nioistnre 
be  greater  than  the  tire,  then  it  does  good." 

The  second  treatise,  the  Livre  des  Cr<?atures,  or  book  of  created 
things,  is  in  verse  and  comprises  1,588  lines.  It  deals  with  the  signs 
of  the  zodiac,  the  days  of  the  week,  lunations,  epacts,  the  tiuding  of 
Easter,  and  so  on.  It  appears  to  have  no  great  value  beyond  its  his- 
toric interest,  as  many  of  the  derivations  are  fantastic  and  misleading. 
For  example,  the  writer  says  that  "  September,  October,  November,  and 
December  were  called  rains,  for  then  there  are  tempests,  that  is  in  Latin 
imher^  from  which  is  derived  Sej)tember,  and  the  three  others  are  derived 
thus."  Modern  philologists  are  content  to  derive  these  names  from  the 
I  Latin  numerals,  septem,  octo,  etc.,  and  Chambers  adds  that  the  final 

syllable  comes  from  the  Persian  word  bavj  meaning  a  period  of  time. 
I  The  book  goes  on  to  say  that  February  was  the  month  which  Pluto  had, 

because  he  caused  no  incumbrance  to  the  soul  when  he  went  to  heU. 
!  One  does  not  see  the  connection  here;  in  any  case,  the  matter  is  more 

clearly  expressed  in  our  dictionaries,  according  to  which  February  is  the 
month  of  expiation,  after  a  Boman  custom.  With  May  and  June  he  is 
again  not  easily  reconcilable  with  the  moderns,  as  he  derives  one  from 
the  elders  or  majoreH^  the  other  from  the  juniors.  We  connect  them 
both  with  words  which  signify  growth. 

In  the  signs  ot  tiVxe  7.o^\2^  \i^  ^qisv<^\\\£l<^%  tc^uches  on  delicate  ground. 
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^'Cancer  signifies  that  it  can  not  go  straight  by  land  nor  by  sea,  and 
when  God  came  on  the  earth  to  conquer  our  souls  He  went  much  from 
side  to  side;  He  dared  not  come  forwards,  He  feared  much  to  Pagans 
and  the  Jews,  because  they  were  to  kill  Him  and  make  Him  a  martyr." 
*'The  fifth  sign  is  placed  in  July,  which  is  called  Lion,  because  he  is  very 
great  before  and  his  legs  are  feeble  behind;  so  the  sun  in  the  begin- 
ning takes  all  his  force;  he  is  all  boiling,  very  hot  and  burning;  when  he 
is  come  to  the  middle  he  has  hardly  more  strength  than  the  lion  who 
has  small  flanks.-' 

We  must  now  leave  this  treatise  and  proceed  with  the  Bestiary. 
This  particular  one  was  written  for  the  instruction  of  Adelaide  of  Lou- 
vain,  Queen  of  Henry  I,  to  whom  she  was  married  in  1121;  but  works 
on  natural  history,  compiled  from  Greek  and  Eoman  writers,  were  com- 
mon under  the  name  of  Physiologus  or  Bestiary,  from  the  tenth  or 
eleventh  century  onwards;  copies  being  known  in  Old  High  German, 
Icelandic,  Provencal,  Arabic,  Syriac,  etc.,  not  to  mention  Latin  and 
French.  Many  strange  qualities  are  assigned  to  real  beasts  in  this  com- 
pilation, and  stranger  still  to  the  fabulous  ones  "Cetus  is  a  very  great 
beast;  it  lives  always  in  the  sea;  it  takes  to  sand  of  the  sea,  spreads  it 
on  its  back,  raises  itself  up,  and  will  be  in  tranquillity.  The  seafarer 
comes,  thinks  that  it  is  an  island,  and  goes  to  arrive  there  to  prepare 
his  meal.  The  whale  feels  the  fire  and  the  ship  and  the  people,  then 
he  will  plunge  if  he  can  and  drown  them.  This  cetus  is  the  devil, 
the  sea  is  the  world,  and  the  sands  are  the  riches  of  the  world;  the 
soul  the  steersman,  and  the  body  the  ship  which  he  ought  to  keep, 
and  the  fire  is  love,  because  man  loveth  his  gold,  his  gold  and  his 
silver.  When  he  perceives  that  and  he  shall  be  the  more  sure,  then  he 
will  drown  him.  And  this  cetus,  says  the  writing,  has  such  a  nature 
that  when  he  wants  to  eat,  he  begins  to  gape,  and  the  gaping  of  his 
mouth  sends  forth  a  smell  so  sweet  and  so  good,  that  the  little  fish, 
who  like  the  smell,  will  enter  his  mouth,  and  then  he  will  kill  them, 
then  he  will  swallow  them,  and  similarly  the  devil  will  strangle  the 
people  who  shall  love  him  so  much  that  they  will  enter  into  his  mouth." 
Hardly  a  single  one  of  these  descriptions  is  allowed  to  pass  without  a 
moral,  the  constant  repetition  of  which  becomes  wearisome,  not  to  say 
exasperating,  to  a  modern  reader,  as  it  x)robably  did  to  the  ancient  one. 
The  salamander  is  of  coarse  found  here.  "If  it  come  by  chance  where 
there  shall  be  burning  fire,  it  will  immediately  extinguish  it;  the  beast 
is  so  cold  and  also  of  such  a  quality,  fire  will  not  be  able  to  go  where 
it  shall  enter."  Also  the  wild  ass  which  brays  twelve  times  both  by 
night  and  day  at  the  equinox;  the  beaver  with  a  curious  instinct,  and 
the  serra  with  the  head  of  a  lion  and  tail  of  a  fish,  which,  when  it  sees 
a  ship,  rises  up  and  keeps  the  wind  off'  it.  It  is  somewhat  startling  to 
read  that  "the  turtle  is  a  bird,  simple,  chaste,  and  fair,  and  loves  its 
mate  so  much  that  never  during  its  life  will  it  have  another.  Always 
afterwards  it  will  lament  him;  nor  will  it  be  any  more  on  the  branch." 
One's  appreciation  of  what  appears  at  first  aigVvt  a\i  ^\x\?ax\i^\Jv»X!L^^\. 
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is,  however,  spoilt  "by  the  reflectioii  that  turtle  here  is  the  French  tonr- 
tereJIe,  and  is  more  familar  as  turtle  clove.  Here  is  also  the  adder 
whieh  fear»  the  voice  of  the  enchanter,  and  to  keep  itself  from  harm 
closes  one  of  its  ears  with  its  tail  and  presses  the  other  to  the  groond; 
the  eagle  which,  when  its  eyes  are  dim  and  its  wings  eau  no  longer 
carry  it,  flies  to  the  highest  regions  of  the  sky,  and  when  the  sun  baE 
burnt  its  wings  and  blinded  its  sight  falls  into  a  fouutain,  plangefl 
therein  three  times,  and  is  revived;  and  many  more  too  nnmeroa»t  to 
meiitiou.  The  fable  of  the  adder  stopping  its  ears  is  of  great  antiquity, 
being  alluded  to  in  Psalms,  Iviii,  4  and  5:  "They  are  like  the  deaf 
adder  that  stoppeth  her  ear ;  which  will  not  barken  to  the  voice  of 
charmers,  charming  never  so  wisely."  Again,  iu  Psalms  ciii,  5,  Iht 
words,  "So  that  thy  youth  is  renewed  like  the  eagle's,"  give  at  least 
an  equal  antiquity  to  the  other  one. 

In  the  ^'Leechdoms,  Wort  cunning,  and  Starcraft  of  Bvly  England'' 
we  are  struck  hy  the  quaint  Anglo-Saxon  expressions  for  medicine, 
botany,  and  astronomy,  while  at  the  same  time  we  recognize  that  the 
diflicnlty  of  translatiug  scientific  works  into  the  veruacalar  must  have 
been  very  great.  The  Leech  book,  dating  from  900  to  950,  is  compiled 
from  Greek  and  Roman,  as  well  as  ftYim  Eastern  and  ScandinaviaD 
sources.  In  it  an  acho  or  pain  is  usually  called  "wark,"  a  word  which 
has  survived  to  onr  own  day  iu  the  dialect  of  this  country,  witli  only  a 
slight  chauge.  "  For  tooth  wark,  bum  white  salt  and  garlic,  make  thtm 
smoke  on  glades  (ashes),  roast  and  tear  to  pieces,  add  pepper  and  cJnb 
mosB,  and  lay  ou."  No  inconvenience  is  too  slight  to  find  a  remedy 
here.  "Against  a  woman's  chatter,  taste  at  night  fasting  a  root  of 
radish ;  that  day  the  chatter  cau  not  harm  thee."  Is  a  mail  weary  aiid 
ill  at  ease,  "  he  may  eat  radish  with  salt  and  vinegar,  soou  the  world 
will  be  more  gay." 

Empiricism  and  superstition  have  about  equal  share  in  the  book, 
e.  g.,  for  a  remedy  to  be  efficaciona  a  plant  must  be  gathered  in  a  eer- 
tain  month  when  the  moon  is  on  the  wane,  or  it  must  be  dug  up  witli 
out  iron,  and  so  on.  Time,  and  not  materiid,  prevents  any  more  quota- 
tions in  this  place. 

In  the  Wort-cunning,  many  valuable  qualities  are  ascribed  to  pluits, 
which,  in  our  degenerate  days,  are  utterly  neglected.  Of  feverfnge, 
we  are  told  that  "  This  wort,  whieh  is  named  Centanrea  minor,  and 
which  gome  call  the  lesser  churmel,  is  produced  on  solid  lands  and  on 
strong  ones.  Also  it  is  said  that  Chiron  the  Centaur  found  thest 
worts,  whence  they  obtained  the  name  of  Centanrea.  For  bite  of  snake 
take  dust  of  thi.ssamewort  or  itself  pounded,  administer  to  the  patient 
in  old  wine,  and  it  will  produce  much  benefit.  For  sore  of  eyes  takt 
this  same  wort's  Juice,  smear  the  eyes  therewith;  it  heals  the  thinness 
of  the  sight;"  and  so  on  for  many,  many  pages.  The  SfArcraft  in  Hua 
book  is  the  same  as  that  given  byWrightinthe  Popular  Treatises,  and 
has  been  already  quoted  ftrom. 

We  mast  now  gVance  iot  &  Tn^ratiw^  %\.  ^vi-sKad«v  Keckam.     Bom  «t 
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St.  Albans  in  1157,  he  migrated  to  France  at  an  early  age,  and  obtained 
a  professorship  at  Paris  in  1180,  but  in  a  few  years  returned  to  Eng- 
land. He  applied  for  admission  to  the  great  Benedictine  Monastery  of 
his  native  town,  but  tradition  relates  that  a  jocular  reply  of  the  abbot 
nettled  him  so  much  that  he  joined  the  Augustinians  at  Cirencester 
instead.  The  reply  was  as  follows:  '^Si  bonus  sis,  veuias;  si  nequam, 
uequaquam."  "If  you  are  a  good  mau,  you  may  come;  if  you  are  a 
bad  one  (a  Neckam),  we  won't  have  you  at  any  price." 

He  composed  a  Latin  elegiac  poem  on  science  in  ten  books,  but  his 
principal  work  is  De  Natnris  Rerura,  which  was  written  before  the  end 
of  the  twelfth  century.  It  includes  an  account  of  the  creation,  and 
dissertations  on  the  four  elements,  ou  astronomy,  natural  history,  and 
on  minerals.  The  earliest  recorded  mention  of  the  man  in  the  moon 
occurs  here,  though  only  as  a  tradition;  the  marks  on  its  surface  are 
ascribed  to  caves,  hills,  and  valleys.  His  remarks  on  magnetism  are 
worth  quoting,  as  he  is  the  first  English  writer  who  mentions  this  sub- 
ject. After  explaining  the  hanging  of  Mahomet's  coffin  by  this  means, 
he  continues:  "The  sailors,  moreover,  as  they  sail  over  the  sea,  when 
in  cloudy  weather  they  can  no  longer  profit  by  the  light  of  the  sun, 
and  when  the  world  is  wrapped  up  in  the  darkness  of  the  shades  of 
night,  and  they  are  ignorant  to  what  i)oint  of  the  compass  their  ship's 
course  is  directed,  they  touch  the  magnet  with  a  needle,  which  is 
whirled  round  until,  when  its  motion  ceases,  its  point  looks  direct 
toward  the  north."  In  another  treatise,  De  Utilitensibus,  also  of  the 
twelfty  century,  he  has  another  mention  of  the  compass,  and  says  that 
"among  the  stores  of  a  ship  there  must  be  a  needle  mounted  on  a  pivot, 
which  will  oscillate  and  turn  till  the  point  looks  toward  the  north." 
The  pivot  is  a  distinct  advance  over  a  needle  floating  on  a  straw.  In 
view  of  the  interest  attaching  to  early  references  to  the  compass,  I  may 
quote  the  following  extracts,  given  for  the  sake  of  reference,  in  the 
same  volume.  Cardinal  Jacques  de  Vitry,  Bishop  of  Aeon,  in  Pales- 
tine, in  a  history  of  Jerusalem,  written  about  1218,  says:  "An  iron 
needle,  after  having  been  in  contact  with  the  loadstone,  turns  itself 
always  towards  the  north,  which,  like  the  axis  of  the  firmament,  remains 
immovable,  while  the  others  follow  their  course,  so  that  it  is  very  nec- 
essary to  those  who  navigate  the  sea."  Again,  Guyot  de  Provence,  in 
a  love  song  of  the  early  jiart  of  the  thirteenth  century  has  these  lines: 

They  know  its  position  for  their  route, 

When  the  weather  is  completely  without  light, 

All  those  who  employ  this  contrivance. 

Whoever  trusts  a  needle  of  iron 

8o  that  it  remains  almost  entirely  outside 

In  a  bit  of  cork,  and  rubs  it  on  the  brown  loadstone 

If  it  be  put  in  a  vessel  full  of  water 

So  that  nobody  push  it  out. 

As  soon  as  the  water  becomes  quiet, 

To  whatsoever  side  the  point  turns 

There  is  certainly  the  polar  star. 
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Lastly,  Dante's  preceptor,  Brunetto  Latini,  writing  aboat  1260,  jnst 
after  a  visit  to  Eoger  BacoD,  says:  "He  shewed  me  the  magnet,  aa 
agly  black  stone  to  which  iroD  si>oiitaneoasly  attavlies  itself.  They 
touch  it  with  a  needle  and  thrust  this  into  a  straw,  then  put  it  in 
the  water;  it  swims,  and  the  point  turns  toward  the  polar  star.  If  tlie 
night  be  dark,  and  one  can  see  neither  star  nor  moon,  the  mariner!^ can 
keep  their  right  course."  Bacon  is  the  only  writer,  as  far  as  I  know, 
who  mentions  magnetic  repalsion,  "as  the  lamb  flees  the  wolf,''Le 
puts  it. 

Neckam's  remarks  on  animals  are  of  little  interest,  as  they  reject 
all  the  popular  errors.  He  is  the  only  author,  except  Bacon  and  Grosse- 
teste,  who  deals  with  optics.  He  describes  the  wellkiiown  basin  and 
coin  experiment  (this,  however,  was  known  to  Cleomedes  in  the  first 
century  A.  T).],  and  speaks  of  glass  mirrors.  He  tells  us  that  in  a 
concave  mirror  the  image  is  inverted,  and  in  a  i>lano  or  convex  oae 
erect,  but  remarks  despairiugly, '' Wlio  can  assign  a  suHicient  renMm 
for  these  things!"  An  interesting  observation,  which  ho  might  liavf 
learned  from  Eratosthenes,  of  the  third  century  B.  C,  is  that  vertivdls 
to  the  earth's  surface  must  be  inchned  to  one  another;  he  goes  ratlier 
too  far,  however,  and  says  that  the  walls  of  buildings  must  diverfte,* 
as  to  be  in  the  direction  of  the  earth's  radii.  He  notes  that  all  ixiadci- 
able  things  tend  naturally  toward  the  center. 

Here,  also,  we  find  an  interesting  fable,  that  the  wren,  sitting  on  a 
branch  on  the  Ist  of  March,  complained  to  February  about  the  mild- 
ness of  the  weather.  8he  at  length  became  abusive  on  the  subject 
whereupon  he  went  to  his  brother  March  and  obtained  i)ermission  to 
influence  the  weather  for  two  days.  This  he  did  with  such  effect  lIuU 
the  bird,  battered  by  hailstones  and  half  frozen,  lamented  that  the  gen- 
tle February  was  past.  It  is  well  known  to  meteorologists  that  tbeir 
are  nearly  always  three  cold  days  between  the  llth  and  14th  of  April 
and  that  in  the  old  style  these  dates  would  fall  at  the  beginning  of  tbe 
month :  but  I  am  not  aware  that  a  converse  state  of  things  has  been 
noted  in  March.  The  old  Scotch  rliyme  which  follows  relates  to  tbe 
"  borrowed  "  days  of  April : 

March  said  to  A  peri  II, 

1  HOC  tLreo  1io(;kh  upon  a  hill. 

And  if  you'll  lends  me  dayea  tbree, 

I'll  find  a  waf  to  make  tLem  dee. 

The  lirat  o'  them  was  wind  aod  wet; 

The  Hecond  o'  iheia  was  nnaw  and  aleet; 

The  third  o'  thorn  was  sic  a  freeze, 

It  fnize  the  birds'  nests  to  the  treee. 

When  the  three  days  were  past  and  gone. 

The  throe  Billy  hngga  came  hirplin  hame. 

The  word  "  hogg"  here  is  a  farmer's  term  for  a  young  Iamb  between 
the  time  of  its  being  weaned  and  having  its  first  deece  cut. 
la  lioger  Bacon,  the  last  author  witli  whom  I  shall  deal,  one  (etii 
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instiuctively,  after  even  casually  turning  over  a  few  pages,  that  the 
style  is  vastly  superior  to  and  more  scientific  than  anything  that  has 
gone  before.  There  is  a  solidity  and  keenness  of  penetration  about  it 
which  is  sadly  wanting  in  his  predecessors,  who  were  content  to  hand 
down  what  they  had  learned  without  so  much  as  a  show  of  criticism. 
Roger  Bacon  was  born  at  Ilchester,  in  Somersetshire,  in  1214.  He 
took  the  degree  of  doctor  of  theology  in  the  University  of  Paris,  famed 
in  those  days  above  Oxford,  Salerno,  or  Montpellier,  and  acquired  a 
mastery  of  the  Latin,  Greek,  Hebrew,  and  Arabic  literature  of  his  time. 
He  joined  the  Franciscan  order  of  monks,  but  incurred  much  opposi- 
tion from  them,  even  to  the  extent  of  being  thrown  into  prison  on  sev- 
eral occasions  on  account  of  having  fallen  under  the  suspicion  of 
magic.  His  proposal  to  repudiate  Aristotle  altogether,  and  appeal  to 
nature  by  experiment,  was  also  very  unpopular.  He  spent  forty  years 
of  his  life  in  study,  and  over  £2,000  in  buying  books  and  materials  and 
in  traveling;  and  his  own  reward  was  neglect,  poverty,  and  persecution. 
Fortunately  for  the  world,  Clement  IV,  who  had  been  his  friend  before 
his  elevation  to  the  papal  chair,  encouraged  him  to  write,  and  at  his 
instance  he  produced  these  works  which  have  placed  him  among  the 
immortals:  The  Opus  Majus,  Opus  Minus,  Opus  Tertiuni,  and  Com- 
pendium Philosophiaj.  The  first  of  these,  planned  on  a  splendid  scale, 
is  divided  into  six  parts,  as  follows: 

(1)  On  the  four  causes  of  human  ignorance;  authority,  custom,  pop- 
ular opinion,  and  the  pride  of  supposed  knowledge.  These  seem  to 
bear  a  kind  of  lurking  resemblance  to  Lord  Bacon's  Idols  of  the  Tribe, 
the  Cave,  the  Market  Place,  and  the  Theatre;  but,  for  whatever  con- 
nection there  is,  Francis,  and  not  Roger,  must  be  held  accountable. 

(2)  On  the  causes  of  perfect  wisdom  in  the  Sacred  Scriptures. 

(3)  On  the  usefulness  of  grammar. 

(4)  On  the  usefulness  of  mathematics.  This  is  again  subdivided 
into — 

{a)  The  necessity  of  mathematics  in  human  things. 

(b)  The  necessity  of  mathematics  in  divine  things.  These  are 
enumerated  as  geography,  chronology,  cycles,  and  natural  phe- 
nomena, arithmetic,  and  music. 

(o)  The  usefulness  of  mathematics  in  ecclesiastical  things,  e.  g., 
the  certification  of  faith,  and  the  correction  of  the  calendar. 

(d)  The  usefulness  of  mathematics  in  the  State,  for  the  sciences 
of  hydrography,  geography,  and  astrology. 

(5)  On  perspective  (i.  e.,  optics),  treated  under  four  heads:  The 
organs  of  vision,  the  propagation  of  light  m  straight  lines,  reflection 
and  refraction,  and  the  propagation  of  the  impressions  of  light. 

(6)  Of  experimental  science. 

Whewell  says  of  this  work  that  its  plan  was  ^'to  urge  the  necessity 
of  a  reform  in  the  mode  of  philosophizing;  to  set  forth  the  reasons  why 
kuowledire  had  not  made  a  great  progress;  to  bring  back  att^iit\s«i\R> 
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sonrces  of  knowledge  wUicli  had  been  unwisely  neglected;  to  discover 
other  sources  which  were  yet  wliolly  unknown,  aud  to  animate  ueu  to 
the  undertakiug  by  a  prospectof  the  vast  advantages  which  it  offered." 
The  work  is  thns  a  method,  rather  than  a  treatise  on  science;  but  part 
5,  on  perspective,  describes  the  anatomy  of  the  eye,  and  is  his  own 
work.  He  also  diseom-ses  on  vision,  the  laws  of  reflection  and  refrac- 
tion, and  the  construction  of  mirrors  and  lenses.  Part  6  is  again 
devoted  rather  to  tlio  philosophy  of  the  subject  than  a  description  ol 
experiments;  but  it  includes  an  investigation  into  the  nature  aad 
causes  of  the  rainbow. 

The  Opus  Minus  is  a  summary  of  the  Majus;  Tertiaiu,  a  preamble 
and  supplement  to  the  other  two.  Bacon's  fiery  energy  a]>i>ears  in  tbe 
fact  that  all  three  must  have  been  written  within  eighteen  uooths, 
though  no  trace  of  haste  or  carelessness  appears  in  tbem.  There  b 
evidence  that  he  intended  all  these  works  merely  as  a  pi'eliniinary  to  a 
still  greater  one,  of  which  the  Compendium  Philosophia-  in  a  part. 

To  do  justice  to  him,  and  to  give  extracts  showing  the  intellwtnal 
level  on  which  he  stood,  would  far  exceed  the  limits  of  a  page  or  two. 
One  can  only  regret  that  such  a  man  should  not  have  been  able  w 
command  the  leisure  and  encouragement  which  wouM  have  been  bi> 
lot  in  a  more  enlightened  age.  That  he  was  a  believer  in  alchen^y. 
there  is  no  doubt,  but  for  this  he  can  not  bo  blamed ;  tior  for  a  iH-IJi-f 
in  magic,  though  he  is  most  emphatic  in  assigning  it  a  subordimite 
plaee.  The  one  quotation  which  follows,  from  the  Appendix  to  tlie 
Compendium  Philosophiiu,  will  show  to  what  extent  he  forecastcti  tbf 
labors  of  engineers  and  mechanicians,  while  at  the  same  time  he  is  evi- 
dently not  letting  his  imagination  run  riot,  but  keeps  within  reasouallt 
bounds,  as  if  he  knew  the  range  of  human  powers. 

"Thiit  I  may  the  better  demonstrate  the  inferiority  and  indignity  of 
magical  jwwer  to  that  of  Natnre  and  Art,  I  shall  a  while  discourse  od 
such  admirable  operations  (of  Art  and  Kature)  as  have  not  the  leas 
magic  in  them.  -  -  •  And  first  of  such  engines  as  are  inirclf 
artificial. 

"I.  It  is  posstlde  to  make  engines  to  sail  withal,  so  that  either  fre^b 
or  salt  water  vessels  may  be  guided  by  the  help  of  one  man,  and  madt 
to  move  with  a  greater  swiftness  than  others  which  are  full  of  rowers 
t^i  drive  them  along. 

"II.  It  is  possible  to  make  a  chariot  move  with  an  inestimable  svitt 
nesB,  such  ;is  the  scythed  chariots  were,  wherein  our  foi-efiithers  fought, 
and  this  motion  to  be  without  the  help  of  any  living  creature. 

"III.  It  is  possible  to  make  engines  for  Hying,  a  man  sitting  iii  ibr 
midst  thereof,  by  turning  only  an  instrument  which  moves  artitiH^il 
wings  made  to  beat  the  air,  much  after  the  fashion  of  a  bird's  fligbl. 

'•IV.  It  is  possible  to  invent  iin  engine  of  little  bulk,  yet  of  greai 
efticieney,  either  to  the  depressing  or  elevation  of  the  very  great**' 
weights. 

*'V.  A  roan  may  easily  make  an  instrument  whereby  one  man  may. 
in  despite  of  all  opposition,  draw  a  thousand  men  to  himself,  or  anj- 
thing  which  is  movable. 

"VI.  A  mail  ma^  \09.V.e  a.\\  ft\\^\\\t  whereby,  without  any  corporal 
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danger,  he  may  walk  at  the  bottom  of  the  sea  or  other  water.  Such 
engines  as  these  were  of  old,  and  are  made  even  in  our  days.  All  of 
them,  excepting  only  that  instrument  of  flying,  which  1  never  saw,  nor 
know  any  who  hath  seen  it,  with  an  infinite  number  of  other  inven- 
tions, are  possible,  such  as  the  making  of  bridges  over  rivers  without 
pillars  or  supporters." 

As  my  intention  is  by  no  means  to  trace  the  early  history  of  science 
in  general,  but  merely  to  record  what  was  done  by  English  writers 
between  definite  limits  of  time,  I  have  of  course  to  omit  all  reference 
to  the  work  of  Geber,  Albertus  Magnus,  Kaymond  Lully,  and  others. 
It  is  only  too  evident  that  in  these  seven  centuries  science  would  have 
fared  very  badly  had  its  development  been  left  to  Englishmen  alone; 
but  a  noble  recompense  for  this  neglect  has  been  made  since  by  a  long 
line  of  busy  workers  from  the  days  of  Boyle  and  Hooke  down  to  our 
own  time. 
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By  H.  E.  Armstrong.  2 


The  address  on  "Art  tuition,"  delivered  here  a  fortnight  ago  by  Pro- 
fessor Herkomer,  which  I  trust  many  of  you  had  the  advantage  of 
listening  to,  was  full  of  wise  counsel,  which  can  not  fail  to  be  of  value 
to  those  who  study  it;  the  more  so  as  Professor  Herkomer  is  not  only 
himself  an  artist  of  wide  and  varied  experience,  highly  gifted  with 
originality,  but  also  an  experienced  teacher,  and  is  therefore  better 
able  to  advise  than  are  most  other  artists.  For,  after  all,  only  the 
competent  teacher  is  fully  aware  of  the  difficulties  which  beset  the  path 
of  the  student. 

But  no  advice  given  by  Professor  Herkomer  was  equal  in  importance 
to  his  opening  statement — which  was  subsequently  confirmed  by  mem- 
bers of  the  governing  body — that  in  this  polytechnic  a  clean  beginning 
has  been  made  in  art;  that  you  have  advisedly  elected  to  be  free  from 
all  external  control  and  are  possessed  with  the  fixed  intention  of  work- 
ing out  your  own  salvation.  Professor  Herkomer  begged — prayed,  1 
may  say — that  you  should  be  kept  clear  of  all  contagion,  and  all  who 
are  your  true  friends  must  join  in  this  prayer. 

I  desire  to  preach  from  the  same  parable  as  regards  the  teaching  of 
science — to  exercise  the  functions  of  a  medical  officer  of  health  for 
science;  but  my  task  is  a  difficult  one.    Professor  Herkomer  spoke  to 
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^Tho  editor  bas  been  good  enough  to  regard  the  following  article  as  of  sufficient 
interest  to  warrant  its  insertion  distinctly  with  the  object  of  showing  that  it  is 
desirefl  to  deal  with  subjects  likely  to  attract  public  attention,  so  as  to  interest  a 
wider  circle  of  readers  in  Science  Progress.  I  have  gladly  accepted  his  hospitality, 
as  I  believe  it  to  be  of  the  ntmost  importance  to  interest  scientiiic  workers  as  well 
as  the  public  in  questions  such  as  I  raise.  Unless  wo  are  i)repared  to  throw  ourselves 
more  into  such  work,  there  is  little  probability  that  the  teaching  of  scientific 
method  will  gain  that  popular  recognition  which  the  subject  imperatively  demands, 
and  which  so  many  of  us  are  persuaded  must  without  delay  be  accorded  to  it,  if  we 
are  to  retain  any  proper  measure  of  national  prosperity.  It  was  recently  delivered 
as  an  address  at  the  Chelsea  Polytechnic,  and  hence  it  is  somewhat  egotistical  and 
dogmatic  in  style;  however,  I  have  thought  it  undesirable  to  change  the  style, 
desiring  to  lay  as  much  emphasis  as  possible  on  the  important  issues  which  are 
considered. 
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willing  ears;  liia  meaiiiug  was  clear;  be  was  dealing  with  a  popular 
subject  of  wliich  we  all  have  some  noderstaDdiug.  I  can  not  but  recog 
uize  that  my  subject  is  generally  misunderstood,  and  its  public  impor- 
tance greatly  underrated  in  conseijueiice.  Some  inscrutabh'  iiiflaence 
has  led  those  who  have  organized  this  institute  to  appreciate  the  needs 
or  art,  and  having  had  the  wisdom  to  take  proper  advice,  they  have 
put  yon  in  possession  of  the  elements  of  a  perfect  system  of  art  saui- 
tation ;  but  the  ueeds  of  the  sister  subject,  science,  have  yet  to  he 
grasped  here  and  elsewhere.  The  sanitary  condition  of  the  dwellinps 
which  science  has  to  put  up  with  throughout  our  country  is  most  faulty, 
ill  arranged,  out  of  date,  and  oftentimes  abominable;  aud  if  this  [toly- 
techuic,  indeed,  polytechnics  and  schools  generally,  desire  to  place  the 
teachiug  of  science  under  healthy  conditions,  heed  must  be  given  to 
tlie  inspector's  warnings. 

I  might  almost  t;ike  Professor  Rerkomer's  address,  write  si-ience  for 
art,  add  a  few  ])as8ages  liere  and  there,  and  redeliver  it  as  my  oim. 
Decorative  art,  that  art  which  enables  artists  to  dw-orat^-,  you  were 
told  can  not  be  taught  on  the  large  scale;  it  can  not  eveu  be  taught  in 
schools — it  must  he  taught  in  the  workshop.  Decorative  science,  i^ 
ence  which  decorates  its  jwissessor  and  enables  him  or  her  to  be  scien- 
tific, scientific  knowledge  which  can  be  nia^le  use  of  in  the  service  of 
the  world,  also  can  not  be  studied  except  in  the  workshop  and  in  nature, 
to  whom  also  the  artist  must  resort.  As  Professor  Herkomer  said  mum 
truly:  all  technical  education  will  fail  if  established  on  a  scheme  io 
which  the  master's  personality  is  eliminated,  and  that  must  follow  iu 
any  scheme  of  wholeside  tuition. 

Biitwhatmeaninghave  the  words  "science"  and  ''scientific"  in  Eng- 
lish ears  generally  !  Do  they  excite  visions  of  a  complicated  picture  i>f 
things  concerning  our  daily  hfe  in  its  mimitcst  details!  Certainly  not. 
Their  utterance  before  those  who  know  a  little  chemistry  recall-s  lire^ 
works  and  smells  and  perhaps  simple  salts;  whilst  those  who  take  an 
interest  in  electricity  have  thoughts  of  bells  ringing,  galvanometer 
needles  wagging,  or  glowing  electric  lights;  and  tciichers  dream  of 
tSouth  Kensington  certilicatcs  and  hardly  earned  graTits.  In  the  mind* 
of  the  genei'iil  public  they  call  forth  no  response,  especially  in  those  eS 
that  very  nninerous  section  of  the  community  which  is  concerued 
in  commercial  transactions  and  has  no  knowledge  of  man n fat-turn. 
Science  in  the  eyes  of  the  average  Knglishman  consists  of  a  ncwfau^li^t 
set  of  ideas,  all  very  well  fur  those  who  can  atlbrd  the  tinic  to  study 
them,  hut  in  his  opinion  not  of  such  daily  practical  imiwrtancc  that  it 
is  necessary  for  the  nation  t^i  ]iay  attt'ntion  to  theni.  And  this  unfor- 
tunately is  the  opinion  even  of  "cducateil"  men  and  of  many  men  «rf 
culture.  This  is  perhaps  the  primary  defect  iu  our  system  to  which 
the  medical  officer  of  health  for  science  is  bound  to  call  aft<.>ntiou;  it  is 
one  which  wo  nnist  all  unite  in  overcoming  and  which  itolytechuics  sucli 
as  this  shouVtl  *\o  muftU  V>  \ftuuive. 
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If  public  appreciation  of  scientific  procedure  can  be  secured  to  even 
a  moderate  extent,  a  complete  popular  victory  for  those  who  press  for 
its  introduction  must  soon  follow.  The  advantages  to  be  derived  from 
the  general  application  of  scientific  method  to  the  affairs  of  life  are 
demonstrably  so  great  that  when  once  they  are  made  known  at  all 
commonly  its  adoption  will  be  insisted  on. 

Science  is  but  exact  knowledge,  and  there  are  as  many  branches  of 
science  as  there  are  of  exact  knowledge.  Remember,  however,  a  loose 
incoherent  body  of  facts  does  not  constitute  a  science — a  man  who  is 
merely  possessed  of  such  facts  is  not  scientifically  trained.  A  scientific 
man  is  a  "knowing  man" — not  merely  a  man  who  knows,  but  one  who 
is  properly  described  in  the  terms  of  the  popular  expression — he's  a 
knowing  fellow — which  implies  something  more  than  the  mere  posses- 
sion of  knowledge,  namely,  the  power  to  use  it  properly  and  with  effect. 
There  is  every  difference,  in  fact,  between  the  scientific  and  the  merely 
learned  man.  To  be  scientific  is  to  be  as  fiir  as  possible  exact  in  thought, 
deed,  and  word;  to  act  with  a  purpose  and  after  due  and  careful  con- 
sideration; to  be  observant  and  thoughtful;  to  be  logical  and  method- 
ical; to  be  guarded  but  fearless  in  opinions  and  judgment;  and  it  is 
because  we  are  so  rarely  all  these  that  we  are  so  rarely  truly  scientific. 

Unfortunately,  the  word  "science"  is  now  associated  in  the  popular 
mind  with  certain  branches  of  natural  knowledge,  and  it  is  because 
these  are  generally  regarded  as  of  importance  only  to  those  whose 
special  business  it  is  to  attend  to  them  that  the  proper  application  of 
the  term  is  lost  sight  of. 

I  am  not  here  to  speak  of  science  teaching — I  do  not  know  what  that 
is — but  of  scientific  teaching;  of  the  method  of  teaching  scientifically — 
that  is  to  say,  exactly  and  properly.  I  am  really  speaking  on  the  very 
subject  on  which  Professor  Heikomer  dilated;  we  arc  both  pleading 
one  cause  although  on  behalf  of  somewhat  different  interests,  and  mine 
is  the  wider  plea  and  will,  in  fact,  include  his.  lie  was  the  advocate 
of  a  practical  workshop  method  of  art  tuition,  under  a  teacher  free  as 
well  as  competent  to  consider  the  peculiar  qualities  and  requirements 
of  his  pupils;  of  a  method  of  so  training  students  as  to  develop  to  the 
utmost  their  individual  innate  talents,  instead  of  turning  out  a  set  of 
mechanical  automata,  blind  followers  of  fashion.  I  desire  to  urge  that 
wiiatever  we  teach,  our  method  shall  be  scientific,  so  that  students,  in 
proportion  to  their  abilities,  may  learn  to  lionestly  and  usefully  apply 
whatever  knowledge  they  may  become  possessed  of. 

Institutions  such  as  this  have  a  great  field  of  usefulness  before  them 
if  all  their  work  be  done  from  such  a  standpoint;  if  it  be  not  they  will 
be  absolute  and  costly  failures.  I  much  fear  that  unless  a  change  in 
policy,  almost  amounting  to  a  revolution,  take  place  in  many  of  the 
schools  thronghout  the  country  devoted  to  what  we  are  now  pleased  to 
call  technical  education,  the  results  will  be  disastrous. 

Let  us  consider  what  has  been   and  is  being  done.     Until  about 
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twenty  years  ago,  besides  our  uaiversities,  tlie  three  London  colleges 
and  Owens  College,  Manchester,  tli©  country  had  little  to  boast  of  Id 
the  way  of  iustitntioDS  for  higher  learning  to  which  those  who  had  left 
school  could  resort;  hut  then  important  university  colleges  were 
foanded  in  rapid  succession  in  a  number  of  the  chief  provincial  towii& 
Meanwhile  the  educational  fever  spread  to  London,  and  there  assunied 
an  extremely  ncnte  form  under  the  name  of  technical  education.  TLe 
City  and  Guilds  of  London  Institute  was  founded,  and  built  first  the 
Fiusbury  Technical  College,  and  later  the  Central  Technical  Collefre 
at  South  Kensington,  besides  establishing  an  art  school  at  Lambctli; 
and  by  taking  over,  fostering,  and  largely  extending  thu  system  of 
t«chnological  examinations  initiated  by  the  Society  of  Arts,  the  City 
Onilds  Institute  exercised  an  extraordinary  influence  on  the  establish- 
ment and  conduct  of  evening  classes  for  instruction  in  technical  sub- 
jects throughont  the  country.  A  further  development  of  the  same 
spirit  has  led  more  recently  to  the  erection  here,  there,  and  everywhere 
throughout  London  of  iwly technics,  etc.,  and  of  a  large  number  of 
technical  schools  of  various  degrees  of  importance  in  the  proviDcial 
towns. 

Why,  it  may  be  asked,  all  this  educational  activity,  and  why  espe- 
cially did  the  cause  of  technical  e<1ucatioti  so  suddenly  spring  into 
prominenccT  The  answei-  is,  yon  know,  because  the  conviction  arose 
that  our  manufacturing  industries  were  being  seriously  threatened  Id 
consequence  of  our  failure  to  sufticiently  avail  ourselves  of  scientitic 
aid,  and  the  greater  appreciation  by  foreigners  of  the  services  of  scien- 
tifically traiiit^'d  workers.  Because  a  feeling  was  abroad  such  as  wa» 
graphically  expressed  by  lluxley  in  a  remarkable  letter  t^>  the  Times 
at  the  close  of  1886  in  which  he  pointed  out  that  we  had  -already 
entered  upon  the  most  serious  struggle  for  existence  to  which  this 
country  has  ever  been  committed,"  adding  "the  latter  years  of  this 
century  ]>romise  to  see  us  embarked  in  an  industrial  war  of  far  mort 
serious  imjMtrt  than  the  military  wars  of  its  opening  ycnrs.  On  tbe 
east,  the  most  systematically  instructed  and  hest-infotmed  i»eopIe  in 
Europe  are  our  competitors;  on  tlie  west,  an  energetic  ofl'sboot  of  our 
own  stock,  gi-own  bigger  than  its  i)arent,  enters  upon  the  stnigglt, 
possessed  of  natural  resources  to  which  he  can  make  no  pretcusioD. 
and  with  every  prospect  of  soon  possessing  that  cheap  labor  by  whiih 
they  may  be  etiectually  utilized.  Many  circumstances  t«ud  to  Jusli^' 
the  hope  that  we  may  hold  our  own  if  we  are  careful  to  orirauize 
victory," 

The  question  is,  Have  the  steps  we  have  taken  to  i)rotect  ourselves, 
to  hold  onr  own,  to  organize  victory,  led  to  successT  In  most  cases, 
most  certainly  not.  We  are  fast  proving  ourselves  to  be  incapable  of 
holding  our  own  in  almost  every  branch  of  industry. 

Of  course  there  are  certain  brilliant  exceptions  to  the  general  mle. 
but  these  only  prove  the  rule  and  enable  us  to  understand  the  cause  of 
our  failure. 
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Why  is  this!  It  is,  I  believe,  because  our  character  is  so  firmly  set 
that  nothing  but  severe  compulsion  will  lead  us  to  reform.  It  is  be- 
cause, whatever  we  may  term  ourselves  politically,  we  are  all  by  nature 
nltraconservative,  the  rankest  political  radicals  amongst  us  being  the 
strongest  conservatives  in  their  general  conduct.  It  is  due  to  our 
intense  belief  in  ourselves,  the  outcome  of  a  long  period  of  unexampled 
prosperity.  We  are  so  intolerantly  individual  that  we  can  not  bring 
ourselves  to  organize  and  cooperate,  and  this  probably  is  the  main 
source  from  which  our  difficulties  spring.  Let  me  take  an  illustration 
from  agriculture,  the  most  important  of  our  industries,  but  one  which, 
as  all  know,  is  in  a  terribly  depressed  condition.  We  are  told  that 
last  year  £36,000,000  worth  of  butter,  cheese,  eggs,  hams,  bacon,  fowls, 
ducks,  etc.,  was  imported  into  this  country.  Surely  we  ought  to  be 
capable  of  producing  most  of  these. 

As  a  matter  of  fact,  we  can  not  even  make  decent  butter  or  cheese 
yet.  As  Sir  Henry  Gilbert,  the  distinguished  agricultural  chemist, 
remarked  to  me  lately  when  we  were  sitting  together  at  dinner,  **In 
our  village  we  prefer  to  buy  Brittany  butter  rather  than  the  local  'best 
fresh.'"  If  we  could  do  such  things  it  would  not  be  necessary  for  the 
Yorkshire  College,  our  leading  university  college,  to  send  out  peripa- 
tetic teachers  to  instruct  dairymaids,  or  for  county  councils  all  over  the 
country  to  do  similar  work,  nor  would  the  Duke  of  Devonshire  have 
been  called  on,  as  he  was  a  few  weeks  ago,  to  open  a  midland  dairy 
institute.  In  France  they  have  long  know^n  not  only  how  to  make  but- 
ter properly,  but  what  to  do  with  it  when  they  have  made  it,  an  impor- 
tant art  which  we,  from  our  inability  to  organize,  have  also  yet  to  learn. 
Let  me  recite  my  own  experience  in  this  matter. 

My  father  was  largely  concerned  with  the  Normandy  butter  trade, 
and  on  one  occasion,  about  thirty  years  ago  now,  I  visited  France  with 
him;  nothing  I  have  since  seen  has  ever  impressed  me  more.  The 
morning  after  our  arrival  we  were  driven  out  to  a  market  town  in  the 
district,  where  we  found  all  the  country  folk  collected  together,  each 
having  brought  whatever  produce  they  could  command  to  market;  our 
friend,  and  I  should  say  that  the  active  worker  was  a  woman,  went 
rapidly  round  the  market,  tasting  each  parcel  of  butter  and  offering 
what  was  thought  to  be  its  value,  which,  of  course,  was  not  the  retail 
price  of  best  fresh.  If  the  bid  was  accepted,  note  was  taken  by  a  clerk. 
On  our  return,  after  dinner,  in  the  evening,  we  found  that  the  butter 
had  not  only  been  collected  and  brought  in,  but  we  actually  saw  it  being 
carefully  mixed  and  salted  and  colored  to  standard,  so  as  to  make  it  ail 
of  one  uniform  quality,  enough  to  fill  a  large  number  of  casks  being 
thus  dealt  with.  The  next  morning  it  was  on  the  rail  and  on  its  way 
to  England.  No  such  thing,  I  believe,  has  ever  yet  been  done  in  this 
country. 

As  to  eggs  coming  from  abroad,  a  recent  remark  made  by  Sir  J.  B. 
Lawes  occurs  to  me:  "That  it  is  not  that  we  do  not  produce  them,  but 
we  eat  them  nearly  all  ourselves."    It  may  be  vf^Wferc  \v$>\Xi'^\»^55^^<5>^ 
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but  the  fact  is  none  the  less  an  illustration  of  the  absence  from  England 
of  thrifty  habits  such  as  characterize  other  nations. 

Again,  to  illustrate  why  we  are  beaten  by  others,  let  me  refer  to  the 
fate  that  has  befallen  what  was  formerly  an  important  English  indus- 
try— ^the  manufacture  of  colors  from  coal  tar,  which  is  now  practically 
in  the  hands  of  the  Germans  and  Swiss,  so  much  so  that  Dr.  Caro,  the 
chief  living  authority  on  these  matters,  in  addressing  the  GrermaD 
Chemical  Society  a  couple  of  years  ago,  was  able  to  refer  to  it  as  a 
German  national  industry. 

It  was  established  in  1856  at  Sudbury,  near  Harrow,  by  Perkin,  who 
discovered  the  first  aniline  color  in  the  course  of  a  research  which  he 
was  carrying  out,  with  purely  scientific  objects  in  view,  under  the 
direction  of  Hofinann,  then  professor  in  the  Royal  College  of  Chem- 
istry, in  Oxford  street,  London.  Soon  afterwards  the  important  firm 
of  Simpson,  Maull  &  l^icholson  was  founded  at  Hackney  Wick — Nich- 
olson being  another  of  Hofmann's  pupils.  Although  similar  works 
were  erected  in  France  and  Germany,  the  main  business  remained  in 
English  hands  during  perhaps  twenty  years.  Meanwhile  Dr.  Griess, 
chemist  throughout  his  life  to  the  celebrated  brewers  at  Bur  ton -on- 
Trent,  Messrs.  Allsopp,  was  carrying  on  researches  on  diazo  com- 
pounds, which  he  had  begun  as  a  student  in  Germany — one  of  the 
most  remarkable  series  of  scientific  researches  ever  made;  but  these 
did  not  meet  with  full  appreciation  until  1876.  In  this  year  the  firm  of 
Williams,  Thomas  &  Dower,  of  Brentford,  introduced  certain  azo  colore 
into  the  market  which  had  been  made  in  their  works  under  the  direction 
of  a  most  accomplished  Swiss  chemist,  Dr.  O.  K.  Witt,  strictly  in  accord- 
ance with  Griess's  prescriptions.  The  importance  of  the  step  thus 
taken  was  not  fully  apparent  here,  but  it  was  in  Germany.  Dr.  Caro,  a 
member  of  the  now  world-renowned  Badische  Anilin  uud  Soda  Fabrik, 
near  Mannheim  on  the  Rhine,  who  had  formerly  been  chemist  to  Rob- 
erts, Dale  &  Co.,  in  Manchester,  the  personal  friend  of  Griess,  had 
been  working  in  the  same  direction  as  Witt,  and  his  firm  shortly  after- 
wards brought  out  azo  colors  similar  to  those  manufactured  by  the 
English  firm.  This  time  the  seed  had  fallen  upon  fruitful  soil;  the 
Germans  were  theoretical  as  well  as  practical,  and  at  once  saw  that 
the  application  of  Griess's  discoveries  was  likely  to  be  productive  of 
practical  consequences.  They  largely  increased  their  scientific  staff, 
research  became  the  business  of  the  works,  and  the  industry  expanded 
at  an  extraordinary  rate,  while  the  English  manufacturers,  remainiug 
unteachable,  and  having  no  proper  scientific  staff  in  their  employ,  were 
simply  snuffed  out. 

And  the  story  has  yet  another  side.  You  have  all  heard  of  the  turkey- 
red  or  madder  dyes,  formerly  obtained  from  the  madder  plant,  which 
was  very  largely  grown  in  France,  Holland,  and  Turkey.  In  1868,  two 
German  chemists  prepared  alizarin,  which  is  the  chief  constituent  of 
madder,  artificially  from  anthracene,  a  substance  contained  in  coal  tar. 
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Now,  Perkin,  when  a  student  with  Hofmann,  had  worked  with  anthra- 
cene, and  neeing  the  practical  importance  of  the  discovery,  again  set 
to  work  and  anticipated  Graebe  and  Liebermann  in  the  discovery  of 
a  process  of  manufacturing  alizarin.  He  at  once  began  to  make  it 
artificially.  His  works  prospered,  and  during  several  years  the  produc- 
tion of  artificial  alizarin  was  an  English  industry.  But  Perkin  made 
the  unfortunate  ^^  English^'  mistake  of  working  almost  single-handed. 
The  Germans,  meanwhile,  were  silently  but  steadily  working  in  their 
characteristic  manner,  studying  every  detail,  and  soon  came  to  the 
fore  and  became  masters  of  the  situation, 

Perkin's  business  is  now  continued  as  the  British  Alizarin  Company. 
The  conditions  under  which  this  firm  is  working  are  somewhat  peculiar, 
and  such  as  to  procure  for  it  considerable  advantages,  but  the  success 
which  has  attended  its  labors  is  sufiicient  to  show  that  such  an  indus- 
try might  be  carried  on  with  special  advantage  in  this  country  if  organ- 
ized in  the  proper  spirit.  Several  years  ago  I  had  the  opportunity  of 
visiting  the  works  shortly  after  I  had  inspected  the  most  fully  equipped 
factory  of  the  kind  in  Germany,  and  I  was  agreeably  surprised  to  find 
that  the  English  works  were  distinctly  in  advance  of  their  continental 
competitors,  being  able  to  deal  economically  with  larger  quantities. 
But  whereas  here  the  anthracene  color  industry  is  much  as  it  was, 
abroad  it  has  expanded  in  various  important  directions  which  are  prov- 
ing highly  remunerative,  whilst  the  original  madder  dyes,  although 
produced  in  larger  quantity  than  ever,  are  made  at  slight  profit,  owing 
to  the  excessive  competition  that  has  arisen. 

Now  artificially  made  dyes  have  all  but  disjjlaced  natural  coloring 
matters,  indigo  excepted,  even  among  so  conservative  a  people  as  our 
Indian  subjects,  and  the  industry  is  of  enormous  importance,  although 
not  to  us.  We  are  so  much  behindhand  in  the  race  that  there  is  little 
chance  of  our  regaining  a  good  place  in  the  list  of  runners,  even  if  we 
go  fiiUy  into  training  with  that  object. 

And  not  only  dyestuffs  are  made  from  coal  tar.  A  whole  list  of 
substances  of  the  greatest  value  in  medicine  are  also  now  prepared 
from  raw  materials  derived  from  tar;  some  of  these  have  proved  to  be 
most  efficient  substitutes  for  quinine,  and  the  growth  of  cinchona  bark 
in  India  and  Ceylon  has  consequently  ceased  to  be  the  remunerative 
pursuit  it  was.  All  such  substances  have  been  the  outcome  of 
researches  carried  out  in  the  German  universities,  or  in  the  still  more 
highly  equipped  laboratories  of  the  German  chemical  works.  More- 
over, of  late  years  nature's  perfumes  have  one  after  the  other  been 
forced  to  disclose  their  character  to  the  pertinacious  inquirer,  and  have 
been  claimed  as  victims  by  the  chemical  manufacturer  abroad,  although 
here  again  the  example  was  first  set  by  Perkin,  who  in  1868  showed 
how  coumarin,  the  odoriferous  principle  of  the  Tonka  bean,  might  be 
artificially  prepared. 

If  we  seek  to  understand  our  early  success  as  well  as  our  later  failure 
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in  tlie  braiieli  of  industry  of  which  I  have  beeo  speakiug,  it  is  not 
difficult  to  trace  the  former  tu  (lofuianD's  intluence  anil  the  latt«r  to 
our  want  of  appreciation  of  the  inestimable  value  of  the  services  of 
such  a  man.  In  this  connection,  1  may  be  allowed  to  quote  from  my 
presidential  address  to  the  Chemical  Society  in  1894  the  following  jias- 
sagf  in  reference  to  the  then  recently  published  memoir  by  Dr.  faro  on 
the  development  of  the  coal  tar  color  industry: 

"  To  those  who  can  nnderstand  it,  the  story  told  by  Caro  is  nothinf; 
leas  than  an  epic,  but  it  is  one  the  contemplation  of  which  must  in 
many  waysiiitadden  an  Englishman,  elevating  though  it  be  when  reganled 
from  the  purely  scientific  pointof  view,  Fnllandcompleterecognitiou 
of  Hofmann's  services  to  the  industry  characterizes  every  page  of  lie 
monograph,  and  the  only  ground  of  complaint  which  some  of  as  feel 
that  we  have  against  the  writer  is  that  his  own  great  services  are 
nowhere  referred  to.  Wlierever  they  received  their  early  traiiitug,  tlie 
true  education  which  expetieuuc  iu  the  world  alone  gives  was  giiined 
by  both  Ilofmann  and  (Jaro  while  iu  the  service  of  English  masters; 
and  it  is  an  interesting  problem  for  speculation  whether,  had  they 
remained  with  us,  onr  position  would  not  have  been  a  diOcrcnt  one. 
Germany  could  scarcely  have  accomplished  what  it  has  done  withoot 
them,  but  by  years  of  patient  labor  her  universities  had  laid  a  broad 
and  solid  foundation  on  which  alone  such  men  could  build.  Here,  such 
men  had  neither  brick  nor  mortar  oRiered  to  them  either  by  the  universi- 
ties or  manufacturers,  and  such  isourdisregard  of  theory  in  tbisconntry 
of  'practical  men,'  that  we  even  now  have  not  learued  the  lesson  whiih 
the  contemplation  of  the  success  of  German  chemical  industry  teacbes; 
shall  we  ever  Icam  it  properly!  In  London,  at  all  events,  we  shall 
probably  wrangle  during  years  to  come  about  the  establishment  of  a 
university  worthy  of  the  greatest  city  iu  the  world,  which  will  set  an 
example  and  help  ua  again  to  do  our  fair  share  of  the  work  which  L;i8 
bcon  taken  from  us;  and  it  will  be  years,  apparently,  before  Eugli-^h 
manufacturers  will  all  learn  to  spell  the  word  "  chemist " — and  that  it  will 
acquire  some  meaning  for  them.  But  it  is  much  to  befean-dthatrecau- 
tatiou  may  come  too  late,  and  that  the  opportunity  will  have  been  lo^t. 
America,  perhaps,  will  meanwhile  have  learned  the  lesson  also,  and  tlie 
competition  we  shall  have  to  meet  will  not  be  Kuroi>eanaloue;  we  hare 
not  only  to  go  ahead  as  fast  as  others,  but  to  make  up  for  much  to^t 
time,  and  it  is  not  likely  that  others  will  calmly  stand  by  while  we  make 
the  attempt. 

"Such  is  the  lesson  which  we  may  derive,  it  seems  to  me,  from  the 
study  of  llofmann's  career  and  the  attendant  circumstances:  and  it  is 
one  which  we  iu  this  society  must  take  very  deeply  to  heart.'' 

At  the  present  day,  no  matter  what  his  business,  the  German  manu- 
facturer seeks  to  understand  every  detail,  and  he  is  always  trying  lo 
improve  his  processes.  He  attains  this  end  by  avaiUng  him,selfvery 
fliUy  of  the  services  of  men  trained  scientifically  at  the  university,  men 
who  have  all  served  their  apxircnticeship  iu  the  school  of  i-esearch:  iu 
fact,  no  man  who  has  not  been  so  trained  is  looked  iit  nowadays  by  the 
German  manufacturer. 

In  proof  of  this,  I  may  quote  words  used  by  Dr.  O.  N,  "VTitt,  now 
professor  of  chemical  technology  in  the  Berliu  Royal  Technical  High 
School,  the  most  im^wrtaii^  v\i*l\x».tiou  of  its  kind  iu  the  world,  iu  lus 
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report  to  the  German  Government  as  their  commissioner  at  the  Chicago 
Exhibition  in  1893.     Says  Dr.  Witt : 

"What  appears  to  me  to  be  of  far  greater  importance  to  German 
chenncal  indnstry  than  its  predominant  appearance  at  the  Columbian 
World's  Show  is  the  fact  which  finds  expression  in  the  (ierman  exhibits 
alone,  that  industry  and  science  stand  on  the  footing  of  mutual  deepest 
appreciation,  one  ever  influencing  the  other.  By  attbrding  proof  that 
this  is  truly  the  case,  Germany  has  given  an  indisputable  guaranty  of 
the  vitality  of  its  chemical  industries." 

Our  policy  is  the  precise  reverse  of  that  followed  in  Germany.  Our 
manufacturers  generally  do  not  know  what  the  word  "  research"  means; 
they  place  their  business  under  the  control  of  practical  men,  often 
admirable  men  in  their  way,  possessed  of  much  native  wit,  but  untrained 
and  therefore  too  often  and  necessarily  un progressive;  and  such  men 
as  a  rule  actually  resent  the  introduction  into  the  works  of  scientifically 
trained  assistants.  Hence  there  is  no  demand  here  for  men  who  have 
been  carefully  trained  as  investigators;  consequently  our  schools  do 
not  seriously  attempt  to  train  investigators.  In  this  country  such  peo- 
ple are  only  born  and  grow  spontaneously,  the  high  class  manufactured 
article  is  made  in  Germany  alone.  We  elect  to  sacrifice  at  the  altars  of 
the  examination  fiend,  for  god  he  can  not  be  called,  and  do  our  best  to 
discourage  the  development  of  originality. 

Let  me  give  an  illustration  t<j  make  my  meaning  clearer.  Eecently 
I  met  a  friend  who  has  not  only  distinguished  himself  by  his  intelligent 
criticism  of  a  particular  industry,  but  has  become  so  interested  in  it 
that,  having  means  at  his  disposal,  he  has  himself  become  a  manufac- 
turer, affording  a  rare  illustration  of  enterprise.  I  said:  "I  trust  you 
are  going  to  work  on  German  lines  and  engage  a  good  chemist  to  sys- 
tematically study  your  material,  and  so  ascertain  how  its  properties 
vary  with  its  composition ;  for  I  have  reason  to  think  from  direct  expe- 
rience that  much  is  to  be  learned  in  tliis  way  which  will  make  it  possible 
to  put  the  manufacture  on  a  scientific  basis."  His  ready  answer  was: 
"Oh,  I've  got  to  make  the  business  a  commercial  success!"  Of  course 
I  understood  what  he  meant  while  I  felt  that  he  could  not  fathom  my 
meaning — he  was  too  much  an  Englishman  to  do  that.  Xo  doubt  he 
will  place  his  business  in  the  sole  charge  of  a  practical  man,  and  as 
long  as  it  suffices  to  look  only  at  the  surface  he  will  succeed;  but  then, 
not  imjirobably,  the  Japanese  will  come  in  and  beat  him,  for  they  have 
shown  the  world  that  they  can  organize  as  well  as  appreciate  scientific 
method. 

Or,  to  give  another  example  showing  what  may  be  accomplished  under 
English  conditions  by  adopting  foreign  methods,  let  me  refer  to  work 
done  by  Mr.  Mond,  so  well  known  in  this  country  on  account  of  the 
skill  he  has  shown  in  developing  Solvay's  ammonia  soda  process.  Mr. 
Mond  has  long  been  engaged  in  seeking  for  a  solution  of  the  problem — 
how  to  burn  fuel  electrically,  in  such  a  manner,  that  is  to  say,  as  to 
directly  produce  electricity  instead  of  heat.    Having  improved  the  gas 
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battery  devised  in  1842  by  the  present  Sir  William,  Grove,  in  which 
hydrogen  is  burnt  electrically,  he  was  anxioas  to  obtain  a  method  of 
preparing  hydrogen  readily  in  large  quantities.  ]S"o  gcx)d  method  is 
known,  but  a  mixture  of  hydrogen  and  carbonic  oxide  is  easily  made, 
and  even  Mond  found  that  on  passing  this  mixture  over  heated  nickel 
the  carbonic  oxide  was  converted  partly  into  carbon  and  partly  into 
carboudioxide,  and  as  the  latter  was  easily  removable,  he  thus  suc- 
ceeded in  a  measure  in  effecting  his  object- 
In  studying  the  very  remarkable  action  which  nickel  had  on  car- 
bonic oxide,  it  so  happened  that  on  one  occasion  when  experiment's 
were  being  made  in  his  laboratory  the  escaping  gas  wa«  led  into  the 
flame  of  a  burner  so  as  to  set  fire  to  it,  a  necessary  precaution,  as  the 
gas  is  highly  poisonous;  it  was  noticed  that  instead  of  burning  as 
usual  with  a  nonluminous  smokeless  flame  it  burnt  with  a  slightly 
luminous  flame.  This  strange  circumstance  led  to  inquiry  being  made, 
and  it  was  eventually  ascertained  that  the  metal  nickel,  under  certain 
conditions,  combined  with  the  gas  carbonic  oxide,  forming  a  very 
volatile  colorless  liquid,  and  thus  one  of  the  most  remarkable  dis- 
coveries of  modern  times  was  made.  The  discovery  was  communicated 
to  the  Chemical  Society  in  1890  by  Mr.  Mond  in  conjunction  with  his 
assistants,  Drs.  Langer  and  Quincke.  Having  observed  that  the  com 
pound  was  very  readily  broken  up  into  carbonic  oxide  and  nickel,  Mr. 
Mond  at  once  set  to  work  to  devise  a  practical  method  of  preparing 
nickel  on  a  large  scale  from  its  ores  through  the  agency  of  the  new 
compound,  and  after  spending  not  only  much  time  and  labor,  and  1 
believe  also  a  very  great  deal  of  money,  on  his  quest,  was  successful  in 
devising  a  process  which  he  has  carried  out  on  the  large  scale  during 
several  months  past,  and  which  has  enabled  him  to  produce  over  a  ton 
of  metallic  nickel  of  almost  absolute  purity  per  week — perhaps  the 
greatest  achievement  in  metallurgy  on  record.  Such  action  on  the  part 
of  a  native-born  English  manufacturer  is  "  unthinkable,''  at  least  1 
know  of  no  precedent  which  would  justify  us  in  regarding  it  as  possible 
under  present  conditions.  I  only  recently  heard  of  a  firm  who  are 
doing  Avork  of  a  most  important  and  critical  character,  involving  the 
expenditure  of  a  very  large  amount  of  money,  who,  having  asked  an 
expert  whether  it  would  not  be  well  to  carefully  observe  the  tempera- 
ture at  which  their  operations  were  conducted,  on  being  advised  that 
it  was  most  important  to  do  so,  objected  that  an  instrument  for  the 
purpose,  costing  £25,  was  too  expensive  to  use.  The  foreign  worker 
would  seek  to  know  what  happens  at  any  cost. 

If  the  English  nation  is  to  do  even  its  fair  share  of  the  work  of  the 
world  in  the  future,  its  attitude  must  be  entirely  changed — it  must 
realize  that  steam  and  electricity  have  brought  about  a  complete  revo- 
lution; that  the  application  of  scientific  principles  and  methods  is 
becoming  so  universal  elsewhere  that  all  here  who  wish  to  succeed 
must  adopt  them,  and  therefore  understand  them.    It  rests  with  got 
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schools  to  make  the  change  possible.    To  repeat  what  I  said  in  1894 
in  the  presidential  address  before  referred  to: 

"There  can  be  no  question  that  the  future  of  this  country  is  very 
largely  in  the  hands  of  its  schoolmasters  and  schoolmistresses^  and 
there  are  many  among  us  who  are  convinced  that  our  progress  is  rnuch 
hindered  by  their  failure  to  feel  the  pulse  of  the  times — who  think, 
indeed,  that  they  do  not  suitably  prepare  the  material  which  we  sub- 
sequently are  called  on  to  mold  into  its  final  shape.  We  look  to  the 
new  commission  to  recommend  drastic  changes  which  will  enable  us  to 
utilize  to  the  full  the  marvelous  ability  latent  in  the  English  race,  and 
which  will  help  parents  in  solving  the  truly  terrible  problem  with  which 
they  are  confronted  in  these  days  of  unreasoning  and  unreasonable 
competition  when  the  time  comes  to  secure  a  career  for  their  children. 
English  boys  and  girls  at  the  present  day  are  the  victims  of  excessive 
lesson  learning,  and  are  also  falling  a  prey,  in  increasing  numbers  year 
by  year,  to  the  examination  demon,  which  threatens  to  become  by  far 
the  most  ruthless  monster  the  world  has  ever  known  either  in  fact  or 
in  fable.  Ask  any  teacher  who  has  to  do  with  students  fresh  from 
school  his  opinion  of  them,  he  will  say  that  in  the  great  majority  of 
cases  they  have  little  if  any  power  of  helping  themselves,  little  desire 
to  learn  about  things,  little  if  any  observing  power,  little  desire  to 
reason  on  what  they  see  or  are  called  on  to  witness;  that  they  are  des- 
titute of  the  sense  of  accuracy  and  satisfied  with  any  performance  how- 
ever slovenly;  that,  in  short,  they  are  neither  inquisitive  nor  acquisitive, 
and  as  they  too  often  are  idle  as  well,  the  opportunities  offered  to  them 
are  blindly  sacrificed.  A  considerable  proportion  undoubtedly  are  by 
nature  mentally  very  feeble,  but  the  larger  number  are  by  no  means 
without  ability,  and  are  in  fact  victims  of  an  acquired  disease.  We 
must  find  a  remedy  for  this  state  of  things  or  perish  in  the  face  of  the 
terrific  competition  now  setting  in. 

"Boys  and  girls  at  school  must  be  taught  from  the  very  earliest 
moment  to  do  and  to  appreciate.  It  is  of  no  use  our  teaching  them 
merely  about  things,  however  interesting — no  facts  must  be  taught 
without  their  use  being  taught  simultaneously;  and,  as  far  as  possible, 
they  must  be  led  to  discover  the  facts  for  themselves.  Instead  of  our 
placing  condensed  summaries  in  their  hands,  we  must  lead  them  to  use 
works  of  reference  and  acquire  the  habit  of  finding  out;  they  must 
always  be  at  work  applying  their  knowledge  and  solving  problems.  It 
is  a  libel  on  the  human  race  to  say,  as  many  do,  that  children  can  not 
think  and  reason,  and  that  they  can  only  be  taught  facts;  early  child- 
hood is  the  time  at  which  these  faculties  are  most  apparent,  and  it  is 
probably  through  failure  to  exercise  them  then  that  they  suffer  atrophy. 
The  so-called  science  introduced  into  a  few  schools  in  answer  to  the 
persistent  demands  of  its  advocates  has  been  in  most  cases  a  shallow 
fraud,  of  no  value  whatever  educationally.  Boys  see  oxygen. made 
and  things  burnt  in  it,  which  gives  them  much  i)leasure;  but,  after  all, 
this  is  but  the  old  lesson  learning  in  an  interesting  shape,  and  has  no 
superior  educational  effect.  I  would  here  repeat  what  I  have  recently 
urged  elsewhere,  that  in  the  future  all  subjects  must  be  taught  scien- 
tifically at  schools,  in  order  to  inculcate  those  habits  of  mind  which  are 
termed  scientific  habits;  the  teaching  of  scientific  method — not  the 
mere  shibboleths  of  some  branch  of  natural  science. — must  be  insisted 
on.  No  doubt  some  branch  of  chemistry,  with  a  due  modicum  of  phys- 
ics, etc.,  is  the  subject  by  means  of  which  we  may,  in  the  first  instance, 
best  instill  the  scientific  habits  associated  with  experimental  8tadk.«^ 
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bat  it  mast  be  the  true  chemistry  of  the  discoverer,  not  tbe  cookery- 
book-receipt  pseudofortD  which  has  so  long  usurped  ita  place.  What 
ever  be  taught,  let  me  repeat  that  mere  repetition  work  and  lesson 
leamiog  must  give  place  to  a  system  of  allowing  childreu  to  do  things 
themselves.  Shoahi  we  succeed  in  infusing  the  research  spirit  into  our 
teachiug  generally,  then  there  will  be  hope  that,  in  the  course  of  a  geo- 
eration  or  so,  we  shall  cease  to  be  the  Philistines  we  are  at  the  present 
time ;  the  education  gi  ven  in  our  schools  will  be  worthy  of  being  named 
a  'liberal  education,'  which  it  never  will  be  so  long  as  we  worship  the 
Old  World  classical  fetish,  and  allow  our  schools  to  be  coutrolled  by 
those  who  reverence  this  alone,  having  never  been  instructed  in  a 
wider  faith." 

And  what  iiTe  schools  such  as  this  to  do  T  Should  they  not  also  teach 
in  tlie  same  spiritT  As  tbe  secondary  education  commissioners  iwiat 
out — education  must  ever  become  more  practical — a  means  of  forming 
men  (and  they  should  have  added,  and  women)  not  simply  to  enjoy  life, 
but  to  accomplish  something  in  the  life  tliey  enjoy. 

To  this  end,  every  school,  I  believe,  whether  in  this  metropolis  or 
elsewhere,  must  work  out  its  own  salvation ;  and  we  mast  not  look  for 
payment  ou  results,  or  countenance  examinations  which  reduce  all  b) 
one  dead  level. 

When  Professor  Ayrtou  and  I  were  appointed  the  first  professors  of 
the  City  and  Guilds  of  London  Institute — he  having  cut  bis  oducatlooal 
teeth  ill  the  service  of  the  Japanese  and  I  having  been  largely  made  in 
Germany — we  found  ourselves  in  complete  agreement  that  we  wonM 
have  nothing  to  do  with  teaching  for  examinations.  Those  who  after- 
wards became  our  colleagues  in  the  establishment  of  tbe  Fiusbm; 
Technical  College,  my  friends  Mr.  (now  Sir  Philip)  Magnus  and  Profe*- 
sor  Perry  fully  shared  this  view,  and  we  all  saw  that  a  big  problem  in 
education  lay  before  us  which  we  could  only  work  out  if  we  had  oomplett 
liberty  of  action,  and  the  conunittees  we  had  to  do  with  never  for  one 
moment  (luestioned  this — all  honor  to  them.  I  am  proud  to  say  thU 
the  programmes  of  the  guild's  colleges  have  never  be«'n  disfigured  bf 
references  to  examination  s  as  objects  to  be  kept  in  view  by  stadeDt& 
and  I  venture  to  think  that  when  the  time  comes  to  consider  withont 
prejudice  the  services  which  the  city  guilds  have  rendered  to  thecauM 
of  education,  it  will  be  admitted  that  they,  more  than  any  other  bodj, 
have  shown  true  appreciation  of  English  needs.  It  is  worth  while  not 
ing  that  although  it  has  never  been  a  coaching  college,  the  Finsbotj 
Technical  College  has  always  been  overfull,  which  disposes  of  tbe 
assertion  that  the  bait  of  an  examination  most  necessarily  be  held  out 
as  an  attraction. 

But  what  have  the  polytechnics  donet  To  what  extent  haveth^ 
made  a  clean  beginning  in  all  subjects;  and  to  what  extent  ban 
they  been  suborned  to  worship  at  the  examination  shrine  to  earn  tin 
unholy  money  bribe  called  payment  on  resultst 

I  am  told  that  tbe  latter  course  is  adopted  in  some  cases,  not  becanH 
it  is  felt  tobe  t.^ieTvsVtoiie^\]n.^\>«fi,3u&e  it  would  not  do  for  Polytechnic 
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B  to  appear  behind  Polytechnic  A  in  regard  to  the  unmber  of  cer- 
tificates gained — governors  might  object!  Unfortunately,  we  know 
that  such  arguments  are  held,  that  quantity  counts  for  more  than  qual- 
ity. The  English  manufacturer  can  appreciate  a  big  order,  but  will 
not  undertake  to  carry  out  a  small  one;  and  here  the  foreigner  steps 
in,  and  having  made  a  beginning,  gradually  improves  his  position  until 
finally  he  is  left  in  practical  possession  of  the  field.  Perhaps  if  we 
attended  more  to  quality  in  education  there  would  soon  be  a  large 
increase  in  its  quantity.  A  large  proportion  of  those  who  at  present 
come  forward  to  be  prepared  belong  to  Professor  Herkomer's  great 
class  of  those  who  ought  not  to  be  taught  at  all.  Among  these  are  the 
certificate  hunters  brought  into  existence  by  school  boards  and  other 
autlu)rities.  There  is  more  than  sufficient  work  to  be  done  among  those 
who  are  deserving  and  capable. 

To  quote  Professor  Herkomer:  "Ko  system  could  act  more  perni- 
ciously on  the  morals  than  payment  on  results.  A  few  schools  have 
through  their  strong  masters  and  in  some  cases  strong  local  help 
shaken  off  all  the  trammels  of  danger.  The  fact  is,  it  has  all  grown 
into  an  unwieldy  piece  of  machinery  with  all  the  deadening  effect  of 
impersonality  in  teaching.  The  whole  system,  when  it  is  not  practically 
upset  by  a  strong  and  independent  master,  is  lifeless,  humdrum,  and, 
above  all,  soul-deadening.  It  is  the  despair  of  the  masters  and  the 
disappointment  of  the  brighter  pupils,"    To  all  which  I  say.  Amen ! 

The  system  was  established  at  a  time  when  the  many  schools  to 
which  I  have  referred  were  unknown,  and  it  was  largely  because  the 
desired  result  was  not  obtained  under  the  system  that  these  new  schools 
became  necessary  and  were  founded.  How  futile,  then,  must  be  any 
attempt  to  base  the  instruction  in  these  new  institutions  on  discredited 
methods — such  old  wine  can  not  be  put  into  such  new  bottles.  Time 
does  not  allow  of  my  fully  discussing  this  matter.  I  can  only  point 
out  that  the  programmes  of  instruction  on  which  the  examinations  are 
based  are  of  such  a  nature  as  to  make  real  instruction  impossible — 
even  if  no  other  objection  could  be  raised,  the  extent  of  ground  to  be 
gone  over  is  so  great  as  to  make  cram  an  absolute  necessity.  We  have 
to  bear  in  mind  that  Germany  has  prospered  without  such  examina- 
tions; Japan  also,  I  believe  China  is  the  only  country  in  which  a  simi- 
lar system  meets  with  national  support.  Recent  events  do  not  encour- 
age us,  however,  to  derive  any  consolation  from  this  circumstance. 

As  Professor  Herkomer  points  out:  "Granted  that  the  Kensington 
system  was  of  use  once  upon  a  time,  and  that  without  it  schools  of  art 
would  not  have  been  established  at  all,  we  must  look  the  matter  straight 
in  the  face  and  acknowledge  that  we  have  now  arrived  at  a  i>oint  when 
it  must  change  its  form  in  order  to  fulfill  a  great  duty  and  to  be  of  use, 
or  else  be  disbanded."  Undoubtedly  this  is  so,  and  is  as  equally  true 
of  science  as  of  art.  The  department  has  at  last  perforce  itself  recog- 
nized the  necessity  of  change,  but  all  too  slowly,  and  by  api>oiiiting  a 
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certain  namber  of  iospectors  hae  in  a  measure  initiated  a  new  policy. 
The  very  distinguiahed  Bcieiitilie  man  wlio  is  tlie  director  of  science,  in 
his  evidence  before  the  Boyal  Commission  on  Secondary  Education, 
openly  stated  indeed  that  if  he  had  hia  way  he  wonld  entirely  substi- 
tute inspection  for  examiuatiou  in  the  elemeutAry  stAge;  bnt  it  is  to  be 
feared,  unfortunately  for  the  country,  that  in  this,  as  in  most  other 
cases,  one  swallow  does  not  make  a  summer. 

Professor  Herkomer  insists  that  in  the  future  freedom  of  action  must 
be  given  to  each  master — to  each  town.  This  independence,  he  says, 
is  to  be  obtained  only  by  municipal  and  couuty  council  aid.  "  Emanci- 
pation from  the  apron  strings  of  Kensington  through  municipal  and 
county  council  support  would  proiluce  an  individnality,"  we  are  told, 
"  in  the  art  of  each  town,"  for  which  I  may  substitute,  in  the  way  in 
which  science  was  taught  and  applied  in  each  town. 

But  we  innat  be  careful  that  in  leaving  the  strience  and  art  frying 
pan  we  do  not  Jump  into  a  worse  municipal  fire,  of  which  there  is 
clearly  some  danger  j  for  while  all  the  world  is  engaged  is  decrjiog 
examinations,  our  county  council  is  bent  on  devising  new  cues. 
Scholarships  at  times  are  of  great  value  to  students,  provided  the; 
fall  into  the  right  hands,  and  are  obtained  as  well  as  held  under  right 
conditions.  Bnt  it  is  easy  to  give  too  many  scholarships,  and  Rtill 
more  so  to  give  them  to  the  wrong  persous.  Unless  the  examinatioos 
are  placed  in  very  competent  hands,  not  only  will  a  serious  iiynry  be 
done  to  our  generai  system  of  edacation  by  leading  those  who  an 
preparing  hoys  and  girls  to  adopt  methods  which  it  is  unwise  to  folio* 
in  schools  and  to  unduly  force  on  their  pupils,  but  the  wrong  people 
may  be  selected;  the  growth  of  a  class  of  overtrained  pot  hunten 
may  be  encouraged  instead  of  a  vigorous,  keen-witted,  observant,  aod 
resourceful  nice.  Those  who  prove  themselves  the  most  apt  scholan 
under  the  tutelage  of  the  crammer,  however  able  as  desk  worken, 
may  in  the  end  entirely  dtsai)point  the  hopes  of  those  who  desire  most 
to  encourage  the  development  of  ability.  Huxley  has  said  much  as  to 
the  importance  to  the  nation  of  catching  the  potential  Faraday,  bnt  il 
is  doubtful  whether  such  would  ever  shine  in  a  competitive  esamioi- 
tion  in  which  among  other  tasks  they  were  asked  to  write  an  essay  on 
Oliver  Cromwell,  or  some  other  like  topic  equally  remote  from  tb* 
daily  experience  of  a  healthy  lad.  If  we  depend  too  macb  on  examina- 
tions we  may  easily  select  the  unfittest  for  the  work  of  the  world,  and 
unless  very  careful  we  are  almost  bound  to  select  bnt  one  kind  cd 
ability — clerical  rather  than  practical  ability;  unless,  indeed,  we  aito- 
getlier  change  our  system  of  school  education,  and  examine  verr 
dififerently. 

It  is  also  difficult  to  understand  what  is  to  be  gained  by  examiniiif 
caudidates  for  £5  evening  scholarships;  it  mast  prove  to  be  a  verr 
expensive  mode  of  distributing  such  doles,  aud  it  ought  to  be  possiblt 
to  find  some  other  more  practical  way  of  selecting  those  whose  stndiM 
would  be  matcnaWv  \)tomo\ft6.\i^  witV  ■*,  %\w:A, 
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Clearly,  therefore,  it  is  essential  that  we  sliould  not  lose  sight  of  the 
fact  that  an  exceedingly  complex  educational  system  is  now  growing 
up  under  the  influence  of  men  who,  for  the  most  part,  are  in  no  sense 
experts,  and  have  but  little  knowledge  of  the  details  of  such  work, 
although  possessed  with  the  desire  in  .every  way  to  do  service  to  the 
community  and  to  improve  our  national  position.  It  therefore  behooves 
all  who  can  follow  such  work  to  keep  most  careful  watch  on  the  march 
of  events;  otherwise  those  who  seek  to  benefit  may  in  the  end  do 
irreparable  injury;  the  present  is  a  most  critical  period  in  our  history, 
and  such  watchfulness  is  imperatively  demanded  of  us. 

1  have  ventured  on  this  digression  because  so  much  depends  on  the 
foundation  laid  at  school,  as  technical  studies  can  only  be  satisfactorily 
engaged  in  by  those  who  have  been  well  trained  from  the  beginning. 

As  Professor  Herkomer  says,  the  kind  of  individuality  to  be  devel- 
oped in  each  town — or  in  the  case  of  our  huge  metropolis,  in  each 
district — will  vary  according  to  the  necessities  of  the  community.  In 
future  each  polytechnic  in  London  must  seek  to  ascertain  what  special 
work  it  can  do  to  greatest  advantage,  Instead  of  all  following  one 
example,  as  is  too  much  the  case  at  present.  In  words  almost  exactly 
those  of  my  artist  colleague:  "This  is  the  only  way  in  which  schools 
will  obtain  a  direct  influence  over  the  industries  of  the  country;  and 
the  influence  will  be  the  right  one  when  the  master  is  carefully  selected, 
because  it  will  be  the  school  around  a  man  and  not  a  man  struggling 
to  be  master  in  the  midst  of  a  system  of  impersonal  teaching,  where 
every  student  is  expected  to  be  squeezed  into  a  great  educational 
mangling  machine."  ".Choose  your  master  carefully,"  he  says,  "but 
then  let  him  be  master,  and  he  will  soon,  with  freedom  of  action,  vary 
his  forms  of  tuition  according  to  the  idiosyncrasy  of  each  student,  or 
the  necessities  of  his  immediate  locality.  The  one  true  prize  to  be 
worked  for  would  be  individual  progress.  All  teaching  must  be  on  a 
I)er8onal  basis." 

Choose  your  master  carefully — this  is  indeed  good  advice.  But  this 
implies,  of  course,  that  those  who  have  to  choose  know  how;  that  they 
have  some  standard  before  them.  Have  they?  Results  seem  to  show 
that  they  rarely  have.  In  tliis  matter,  as  in  many  others,  I  believe, 
the  City  and  Guilds  of  London  Institute  has  set  a  good  example  by 
selecting  men  known  to  be  capable  of  doing  research  work,  and  a  large 
amount  of  research  work  has  been  done  in  its  colleges.  I  am  not  aware 
that,  excepting  in  the  case  of  the  principal  of  this  polytechnic,  capacity 
to  undertake  research  work  has  been  regarded  as  a  qualification ;  on 
the  contrary,  for  I  know  that  when  it  was  urged  at  one  of  them  that  a 
particular  candidate  had  exceptional  qualifications  of  this  kind,  the 
answer  was:  "We  want  a  man  to  teach,  not  to  do  research."  But 
the  work  of  true  education  is  pure  research;  really  good  teachers  are 
engaged  in  nothing  else,  being  constantly  occupied  in  studying  their 
pupils'  idiosyncrasies  and  in  devising  suitable  methods  of  instruction. 
The  "researcher"  is  the  equivalent  of  the  aiWa^,',  \Xi^  \i^'AR>si^x  ^V^  ^5k^ 
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not  engage  in  research  is  the  equivalent  of  the  inartistic  copyist.  No 
subject  is  at  a  standstill  in  these  days — all  progress  involves  research, 
although  not  always  original  research.  The  young  child,  even,  is  con- 
stantly engaged  in  research,  and  the  habit  is  only  gradually  lost  at 
school  under  our  highly  developed,  modern,  soul-killing  system  of  i)er- 
petual  lesson-learning,  itself  largely  devised  to  satisfy  a  system  of 
payment  on  results. 

Let  us  hope,  therefore,  that  every  board  of  governors  will  soon  learn 
to  appreciate  the  national  importance  of  research,  and  will  require 
evidence  from  every  candidate  for  a  teacher^s  post  of  ability  in  this 
respect.  When  such  is  the  case,  the  research  spirit  will  prevail  also 
amongst  students  generally. 

A  most  desirable  example  has  been  set  in  this  direction  by  what,  I 
suppose,  may  fairly  be  termed  the  least  pretentious  of  the  Loudon  poly- 
technics— that  in  the  Borough  road — which,  with  the  assistance  of  the 
Leather  Sellers'  Company,  has  just  opened  a  branch  tanning  school  at 
Harolds  Institute,  Bermondsey,  and  with  unblushing  effrontery,  one 
may  say,  prints  on  the  programme  under  '' Tanning  School''  the  words, 
"with  special  research  laboratory,"  and  not  content  with  this,  informs 
us  on  the  next  page  that  "the  special  research  laboratory  is  fitted  up 
and  supported  by  the  worshipful  company  of  leather  sellers'' — all  hail 
to  the  leather  sellers,  let  us  say.  An  industry  which  makes  such  a  new 
start,  very  late  though  it  be,  and  recognizes  the  fact  that  research  can 
help  it  out  of  its  difficulties,  is  phenomenal  in  this  country,  but  on  the 
high  road  to  retain  its  position  if  not  to  improve  it. 

I  was  much  struck  at  the  opening  of  the  school  by  a  statement  made 
by  the  chairman,  Mr.  Lafone,  M.  P.,  who  told  us  of  an  American  cus- 
tomer who  was  in  the  habit  of  buying  large  quantities  of  a  particular 
kind  of  leather  here,  of  then  taking  it  to  America  and  manufacturiog 
it,  returning  the  goods  here  for  sale.  This  man  had  remarked  to  hiio^ 
he  said,  'Hhat  he  had  seen  all  our  works  and  did  not  care  a  fig  for  our 
couipetition,  for  we  had  not  even  begun  to  know  how  to  make  the 
best."  The  introduction  of  the  research  spirit  is  sorely  needed  to  cure 
such  an  Old  World  state  of  affairs  as  this. 

Of  course,  whenever  I  advocate  research  in  this  way,  and  urge  that 
the  research  spirit  must  be  infused  into  all  our  teaching  as  well  as  into 
our  national  life,  I  am  told  it  can  not  be  done — that  children  can  not 
solve  problems.  But  there  is  a  saying  that  an  ounce  of  practice  is  worth 
a  pound  of  theory 5  it  is  only  a  half  truth,  and  a  saying  which  is  often 
misapplied,  but  it  consoles  me  somewhat  on  such  occasions.  I  have 
done  it  during  the  past  fifteen  years,  since  the  opening  of  the  Finsbuiy 
Technical  College.  No  one  has  the  right  to  say  that  it  can  not  be  done 
until  they  have  tried;  all  who  really  try  will  succeed;  those  who  do 
not  should  not  attempt  to  teach. 
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By  Theodoee  Gill. 


I. 

The  history  of  Bcientific  progress  has  been  marked  by  a  few  periods 
of  intellectual  fermentation  when  great  bounds  have  been  taken  for- 
ward and  a  complete  revolution  ensued,  'Very  few  have  been  such, 
but  in  one  the  name  of  Huxley  must  be  ever  conspicuous.  It  was  as 
a  lieutenant  of  the  organizer  of  that  revolution  that  he  appeared,  but 
unquestionably  without  him  it  would  have  been  long  delayed,  and  it 
was  through  his  brilliant  powers  of  exposition  that  the  peoples  of  the 
English-speaking  lineage  soon  learned  to  understand,  to  .  omo  extent, 
what  evolution  was  and,  learning,  to  accept  it. 

On  the  4th  of  May,  1825,  was  born  the  infant  Huxley,  in  due  course 
christened  Thomas  Henry.  "  It  was,'-  Huxley  himself  has  remarked, 
"a  curious  chance  that  my  parents  should  have  fixed  for  my  usual 
denomination  upon  the  name  of  that  particular  apostle  with  whom  I 
have  always  felt  most  sympathy."  In  his  physical  and  mental  pecul- 
iarities, he  was  completely  the  "  son  of  his  mother,"  whose  most  distin- 
g^iishing  characteristic  was  "rapidity  of  thought;"  that  characteristic 
Huxley  claimed  to  have  been  passed  on  to  him  "in  full  strength,"  and 
to  have  often  "stood  him  in  good  stead,"  and  to  it  he  was  undoubtedly 
indebted  for  success  in  the  many  intellectual  duels  he  was  destined  to 
be  engaged  in.  His  "regular  school  training  was  of  the  briefest,"  and 
he  has  expressed  a  very  poor  opinion  of  it-  His  early  inclination  was 
to  be  a  mechanical  engineer,  but  he  was  put  to  a  brother-in-law  to 
study  medicine.  The  only  part  of  his  professional  course  which  really 
interested  him  was  physiology,  which  he  has  defined  as  "the  mechan- 
ical engineering  of  living  machines."  The  only  instruction  from  which 
he  thought  he  ever  obtained  the  proper  effect  of  education  was  that 
received  from  Mr.  Wharton  Jones,  who  was  the  lecturer  on  physiology 
at  the  Charing  Cross  School  of  Medicine.  At  Mr.  Jones's  suggCvStion, 
in  1845,  Huxley  communicated  to  the  Medical  Gazette  (p.  1340)  his  first 


1 A  memorial  address  given  on  Jannarj^  14,  1896,  before  the  scientific  societies  of 
Washington.  Reprinted,  with  additions,  from  Science,  February  21,  1896.  New 
seriesj  Vol.  Ill,  No.  60. 
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paper  "Ou  a  hitherto  undescribed  structure  iu  the  human  hair  sheath." 
Two  years  later  he  contributed  to  the  British  Association  for  the 
Advancement  of  Science  the  first  paper  generally  attributed  ta  him, 
"Examination  of  the  corpuscles  of  the  blood  of  Amphioxos."  (Ab- 
stracts, p.  06.)  In  1S45  he  passed  the  first  M.  B.  examination  at  ttie 
London  University.  Soon  afterwards  he  was  admitted  into  the  med- 
ical service  of  the  navy  and  was,  after  some  waiting,  assigned  to  the 
Btiltlennake,  and  for  four  years  {184(»-1850)  served  on  her  during  her 
exploration  of  the  Australasian  seas;  be  was,  ho  supposed,  amoug  tl» 
last  voyagers  "to  whom  it  could  be  possible  to  meet  with  i>eopIo  who 
knew  nothing  of  firearms — as  |they]  did  on  the  south  coast  of  New 
Guinea."  ■ 

While  on  board  Huxley  zealously  prosecutfid  zoological  investiga- 
tions, and  in  1849  and  IS-IO  sent  records  of  various  observations,  in 
papers  which  were  published  in  the  Philosophical  Transactions  and 
Annals  and  Magazine  of  Natural  History.  Most  important  of  all  was 
a  monograph  on  the  Oceanic  Hydroxoa,  published  by  the  Ray  Society. 
It  is  amusing  to  find  that  while  in  Sydney  he  was  impressed  by  Mm- 
Leay  and  lead  to  believe  that  "there  is  a  great  law  hidden  in  the 
'Circular  system'  if  we  could  but  get  at  it,  perhaps  in  Quinariao- 
ism,  too," '  but  sober  sense  doubtless  soon  came  to  the  rescue  and  he 
appears  to  have  been  never  otherwise  touched  by  the  strange  mono- 
mania that  had  been  epidemic  in  England  during  the  previoas  qnartar 
century.  In  1851  he  became  a  F.  R.  S.  Ho  continued  in  the  navy  three 
years  after  his  returu,  but  in  1853  resigned  when  ordered  to  sea  again. 

In  1853  Huxley  and  Tyndall  became  candidates  for  professorships  in 
the  University  of  Toronto,  but  that  university  preferred  others  for  tite 
vacant  places  and  thus  missed  the  opportunity  of  att  age.  In  Ift^M 
Huxley  was  api>oint«d  to  the  post  of  lecturer  on  natural  history  in  the 
School  of  Mines,  which  he  held  for  the  next  thirty -one  years.  In  the 
same  year  he  became  Fullertan  professor  in  the  Boyal  Institution. 
"The  first  important  audience  [he|  ever  addressed  was  at  the  Royal 
Institution."  In  1862  he  served  as  president  of  the  biological  section, 
and  in  1870  of  the  British  Association  for  the  Advancement  of  Science 
itself;  in  18fi9  and  1870  of  the  Geological  and  Ethnological  Societies, 
and  in  1883  to  1885  of  the  Royal  Society.  He  was  inspector  of  salmon 
fisheries  from  IHSl  to  1885. 

In  187r>  he  visited  tlie  United  States  and  delivered  an  address  at  the 
ojieningof  the  Johns  Hopkins  University. 

In  1885  failing  health  and  desire  for  freedom  led  him  to  retire  from 
most  of  his  ollices,  and  thenceforth  he  devoted  himself  chiefly  to  literary 
work  rather  than  to  scientific  investigation.  On  the  accession  of  Lord 
Salisbury  to  the  premiership  iu  1892,  Huxley  was  made  privy  counselor, 
and  with  it  came  the  title  of  Right  Honorable,  by  which  he  was  later 
styled.     In  the  last  years  of  life  he  resided  at  Ilodeslea,  Bastbonme,  ami 

^  ft.n\\.  M.ii(,.  yat.  UUt.  (2),  VI,  pa^e  67. 
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after  a  long  illness  (^^complication  following  influenza''  ^ )  died  there  on 
the  29th  of  June,  1895. 

Such  were  the  principal  episodes  in  the  life  of  Huxley.  Many  more 
details  may  be  found  in  the  numerous  periodicals  of  the  day,  and  in 
some  of  them  are  depicted  various  phases  of  his  character  and  labors. 
The  short  time  that  is  at  our  disposal  to-night  may  be  most  profitably 
and  entertainingly  utilized  in  reviewing  his  feats  as  a  warrior  of  science 
and  estimating  the  measure  of  influence  he  exercised  in  diverting  human 
thought  from  the  ruts  in  which  it  had.  moved  for  centuries  and  direct- 
ing it  into  a  highway  where  increasing  light  from  different  sides  could 
guide  the  wayfarer.  Although  this  period  of  warfare  was  at  its  height 
not  further  back  than  the  early  afternoon  of  the  present  century,  and 
some  of  us  here  assembled  joined  in  the  fray,  to  the  younger  naturalists 
it  is  an  unknown  past  except  through  history,  and  to  some  of  us  who 
were  of  it,  it  is  so  strange  as  to  recur  to  us  rather  as  a  dream  than  as 
a  realized  passage  in  actual  life. 

II. 

Doubtless  man,  almost  from  the  moment  of  his  acquisition  of  those 
characters  which  distinguish  him  as  representative  of  the  genus  Homo, 
had  wondered  and  speculated  <as  to  how  became  into  being  and  how  the 
animals  assembled  round  him  had  sprung  into  existence.  Those  early 
concepts  must  have  been  strange,  indeed,  but  were  doubtless  trans- 
mitted from  mother  to  child,  only  with  some  eccentricities  lopped  off 
with  advancing  intelligence.  Gradually,  among  peoples  of  the  Aryan 
stock  at  least,  they  crystallized  into  a  doctrine  that  in  the  beginning 
there  was  chaos,  that  the  three  elements  of  air,  water,  and  earth  were 
differentiated,  and  that  animals  were  successively  created  to  occupy  the 
spaces.  Such  were  the  views  of  the  old  oriental  cosmologists  and 
such  of  the  later  Eomans  as  epitomized  in  Ovid's  verse.  These  ideas 
were  long  regnant  and  naturalists  embodied  some  in  their  schemes, 
most  accepting  the  idea  that  animals  may  have  been  created  in  pairs, 
but  a  few  (such  as  Agassiz)  urging  that  they  must  have  been  created  in 
communities  approximating  to  those  still  found.  There  were  very  few 
to  dissent  from  these  views  of  specific  creation,  and  those  few  had  little 
influence  on  the  popular  beliefs.  But  as  the  present  century  advanced, 
curious  men  delved  into  all  the  mysteries  of  nature;  the  sciences  of 
morphology,  physiology, histology,  embryology,  geology,  and  zoogeogra- 
phy came  into  being,  and  facts  were  marshaled  from  every  side  that  mil- 
itated against  the  old  conceptions.  Even  when  these  sciences  were 
inchoate,  or  new  bom,  sagacious  men  had  perceived  the  drift  of  the  facts 
and  anticipated  induction  by  the  formulation  of  hypotheses  of  evolution, 
but  the  hypotheses  were  too  crude  to  insure  accei)tance.  Meanwhile, 
however,  the  facts  accumulated,  and  in  1859  a  factor  determining  the 


*  Lancet,  July  6,  pp.  64,  65. 
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course  of  developmeut  of  species  was  appreciated  by  Darwin  and  Wal- 
lace, and  soon  applied  to  a  wide  range  of  facts  in  the  former's  Origin 
of  Species  by  means  of  Natural  Selection. 

Darwin's  work  at  once  aroused  great  popular  interest,  bat  it  was  too 
diffuse  and  the  iutellectual  pabulum  it  contained  was  too  strong  and 
indigestible  for  ordinary  readers,  and  it  is  probable  that  the  general 
acceptance  of  tbe  Darwinian  form  of  evolution  would  have  been  delayed 
much  longer  than  it  w^as  had  it  not  been  for  the  excursions  from  the 
scientific  fold  into  the  popular  arena  by  one  having  the  confidence  of 
the  former  and  the  ear  of  the  latter,  as  did  Huxley. 

Scarcely  had  Darwin's  work  come  from  the  press  when  Huxley  com- 
menced his  missionary  work.  Almost  exceptional  among  numerous 
reviews,  remarkable  chiefly  for  crudity,  ignorance,  and  arrogance,  was 
one  that  appeared  in  the  great  daily  organ  of  English  opinion,  The 
Times,  marked  by  superior  knowledge,  acuteuess  of  argumentation,  and 
terse  and  vigorous  style.  This  review,  which  attracted  general  atten- 
tion, was  acknowledged  later  by  Huxley.  Lectures  and  addresi^es 
before  popular  audiences,  and  even  to  those  distinctively  claiming  to 
be  "  workingmen,"  followed,  and  these  were  published  or  supplemented 
by  publication  in  various  forms.  Answers,  critiques,  and  other  articles 
in  reply  came  out  in  rapid  succession,  and  loud  clamor  was  made  that 
Huxley  was  an  infidel  and  a  very  bad  man,  and  that  he  falsified  and 
misrepresented  in  a  most  villainous  manner. 

A  memorable  occasion  was  the  meeting  of  the  British  Association  for 
the  Advancement  of  Science  in  the  year  1860,  following  the  publication 
of  the  Origin  of  Species.  A  discussion  of  the  subject  was  precipitated 
by  the  presentation  of  a  communication  by  our  own  Draper,  "On  the 
intellectual  development  of  Europe  with  reference  to  the  views  of  Mr. 
Darwin  and  others  that  the  progression  of  organisms  is  determined  hy 
law.''  The  reverend  Mr  Cresswell  and  the  reverend  Dr  Wilberforoe, 
Bishop  of  Oxford,  followed  in  opposition,  and  they  were  answered  by 
Huxley.  The  scene  has  lately  been  redescribed  by  a  great  physiologist 
and  friend  of  Huxley,  who  is  one  of  the  few  witnesses  who  now  remain. 
"The  room  was  crowded,  though  it  was  Saturday,  and  the  meeting  was 
excited.  The  bishop  had  si)okeuj  cheered  loudly  from  time  to  time 
during  his  speech,  he  sat  down  amid  rapturous  applause,  ladies  waving 
their  handkerchiefs  with  great  enthusiasm ;  and  in  almost  dead  silence^ 
broken  merely  by  greetings  which,  coming  only  from  the  few  who  knew, 
seemed  as  nothing,  Huxley,  then  well-nigh  unknown  outside  the  narrow 
circle  of  scientific  workers,  began  his  reply.  A  cheer,  chiefly  from  a 
knot  of  young  men  in  the  audience,  hearty  but  seeming  scant  through 
the  fewness  of  those  who  gave  it,  and  almost  angrily  resented  by  some, 
welcomed  the  first  point  made.  Then  as,  slowly  and  measuredly  at 
first,  more  quickly  and  with  more  vigor  later,  stroke  followed  stroke, 
the  circle  of  cheers  grew  wider  and  yet  wider,  until  tbe  speaker's  last 
words  were  crowned  with  an  applause  falling  not  far  short  of,  indeed 
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eqaaling  that  which  had  gone  before,  an  applause  bearty  and  genuine 
in  its  recognition  that  a  strong  man  had  arisen  amougthe  biologists  of 
England.'' 

The  versatile  bishop  indulged  in  the  argumentum  ad  hominem  so 
very  trite  and  familiar  to  us  all  ( who  has  not  heard  itt )  he  would  like 
"to  hear  from  Mr.  Huxley  whether  it  was  by  his  grandfather's  or 
grandmother's  side  that  he  was  related  to  an  ape." 

Huxley  replied  and  answered :  "  I  asserted,  and  I  repeat,  that  a  man 
would  have  no  reason  to  be  ashamed  of  having  an  ape  for  a  grand- 
father. If  there  were  an  ancestor  whom  I  should  feel  shame  in  recall- 
ing it  would  be  a  man;  a  man  of  restless  and  versatile  intellect  who, 
not  content  with  an  equivocal  success  in  his  own  sphere  of  activity, 
plunges  into  scientific  questions  with  which  he  has  no  real  acquaint- 
ance, only  to  obscure  them  by  an  aimless  rhetoric  and  distract  the  atten- 
tion of  his  hearers  from  the  real  point  at  issue  by  eloquent  digressions 
and  skilled  appeals  to  religious  prejudice." 

The  arguments  adduced  against  evolution  during  those  days  were 
sometimes  very  comical,  and  the  confident  air  of  the  upholder  of  the 
ancient  views  and  the  assurance  with  which  he  claimed  that  his  posi- 
tion was  fixed  and  that  the  burden  of  proof  rested  entirely  upon  the 
advocate  of  the  opposite  view  were  very  amusing.  It  was  urged  that 
no  one  had  ever  seen  one  species  turn  into  another.  Had  anyone  ever 
seen  any  animal  made?  Could  anyone  really  conceive  of  any  animal 
being  actually  madet  Did  an  omnipotent  Creator  actually  take  the 
"dust  of  the  ground"  and  mold  it  into  animal  shape  and  then  breathe 
into  its  nostrils  "the  breath  of  life!"  "Did  infinitesimal  atoms  flash 
into  living  tissues?"  Certainly  no  physiologist  with  a  competent 
knowledge  of  histology  could  believe  in  any  such  mode  of  creation. 
On  the  other  hand,  everyone  that  could  exercise  the  necessary  skill 
could  follow  the  evolution  of  an  animal  from  an  undift'erentiated  proto- 
plasmic mass  into  a  perfect  animal.  A  clutch  of  eggs  could  be  succes- 
sively taken  from  a  mother  hen  or  a  hatching  oven,  and  day  after  day 
the  actaal  evolution  of  the  undifferentiated  matter  into  derivative 
functional  parts  could  be  followed.  That  which  is  true  of  the  hen  is 
true  of  man,  only  in  the  latter  case  it  is  more  diflScult  to  obtain  the 
requisite  material  and  greater  skill  to  use  it  is  requisite.  Compare 
the  embryos  developing  in  the  hen  and  human  eggs  and  at  first  no  dif- 
ference except  size  and  environment  can  be  perceived.  Compare  them 
in  successive  stages,  and  adult  animals  more  or  less  parallel  to  some 
early  stages  may  be  found  still  living  or  entombea  in  earlier  formations 
of  the  earth  in  fossilized  form. 

It  was  argued  that  no  one  had  ever  seen  one  species  turn  into 
another.  But  is  it  not  a  matter  of  historical  evidence  that  many 
breeds  of  domestic  animals  have  actually  been  developed  by  the  agency 
of  man  and  propagate  their  kind!  And  how  are  such  breeds  distin- 
guished from  species  except  by  the  fact  that  we  know  their  origin,  and 
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that  they  have  come  into  promiBence  through  selection  by  man  rather 
than  by  nature!    Interbreeding  is  no  criterion. 

But  it  is  unnecessary  to  go  into  details,  and  these  hints  are  offered 
only  because  their  bearings  on  the  subject  were  so  generally  over 
looked  by  those  who  opposed  evolution.  One  opponent,  so  eminent  as 
to  be  styled  the  "  pope "  of  a  great  Protestant  Church,  published  a 
work  against  evolution  largely  based  on  the  contention  that  the  exist- 
ence of  the  eye,  except  through  direct  creation,  was  inconceivable. 
Yet  this  very  evolution  of  the  eye  from  simple  protoplasm  could  have 
been  witnessed  at  any  time  with  little  trouble  in  the  hen's  egg.  Is 
evolution  through  great  reaches  of  time  more  inconceivable  than 
actual  evolution  capable  of  daily  observation? 

Well  and  skillfully  did  Huxley  meet  the  arguments  against  evolu- 
tion. Even  most  of  the  old  naturalists  sooner  or  later  recognized  the 
force  of  the  arguments  for  and  the  weakness  of  thosie  against  evolu- 
tion. Those  who  did  not  in  time  gave  up  the  contest  with  their  lives. 
The  young  who  later  entered  into  the  field  of  investigation  have  done 
so  as  evolutionists. 

It  is  interesting  to  recall  that  the  illustrious  American  (Professor 
Dana)  who  recently  departed  so  full  of  years  and  honors,  and  of  whom 
you  have  heard  from  a  former  speaker  (Major  Powell)  to-night  at 
length,  in  the  full  maturity  of  his  intellect,  accepted  unconditionallj 
the  doctrine  of  evolution  and  dexterously  applied  it  in  his  last  great 
work. 

III. 

Darwin,  in  his  Origin  of  Species,  had  refrained  from  direct  allusion 
to  man  in  connection  with  evolution  and  many  casual  readers  weie 
doubtless  left  in  uncertainty  as  to  his  ideas  on  the  subject.  Naturally, 
the  scientific  man  recognized  that  the  origin  of  his  kind  from  a  pri- 
mate stock  followed,  and  believed  that  Darwin's  reticence  was  prob- 
ably due  to  a  desire  to  disturb  popular  beliefs  as  little  as  possible. 
When  we  recall  what  strange  views  were  held  respecting  man's  origiD 
and  relations  we  can  understand  how  the  unlearned  could  easily  faUto 
recognize  that  man  must  follow  in  the  chain  of  his  fellow-creatures. 
(We  preserve  creature  still  as  a  reminiscence  of  ancient  belief,  but 
without  the  primitive  conception  attached  to  the  word.) 

Man  was  claimed  as  a  being  isolated  from  animals  generally,  and 
naturalists  of  acknowledged  reputation  and  one  or  two  of  great  fiune 
more  or  less  completely  differentiated  him  from  the  rest  of  the  animal 
kingdom  and  even  from  the  animal  kingdom  itself. 

As  long  as  the  isolation  of  man  from  the  animal  kingdom,  or  from 
the  greater  part,  was  based  on  metaphysical  or  psychological  ideas, 
the  naturalist  i)erhaps  had  no  cause  of  quarrel,  although  he  migbt 
wonder  why  a  morphologist  should  stray  so  far  from  the  field  of  obser- 
vation.   But  when  natacalists  confused  morphological  and  psychokif- 
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ical  data,  he  had  reason  to  protest.  This  confusion  was  effected  by  one 
of  great  eminence.  There  was  no  naturalist  in  Britain  about  the  mid- 
dle of  the  century  who  enjoyed  a  reputation  equal  to  that  of  Eichard 
Owen.  An  anatomist  of  preeminent  skill  and  extraordinary  industry, 
his  merits  had  been  appreciated  by  the  entire  world.  An  opinion  of 
his  had  a  weight  accorded  to  no  others.  Consequently  a  new  classifi- 
cation of  the  mammals,  published  by  him  in  1857,  soon  became  popular. 
This  classification  was  founded  on  alleged  characters  of  thebrain  and 
on  successive  phases  of  increase  in  the  cerebrum.  Man  was  isolated 
not  only  as  the  representative  of  a  family,  but  of  an  order  and  a  subclass. 

According  to  Owen,  *4n  man  the  brain  presents  an  ascensive  step  in 
development,  higher  and  more  strongly  marked  than  that  by  which  the 
preceding  subclass  was  distinguished  from  the  one  below  it.  Not  only 
do  the  cerebral  hemispheres  overlap  the  olfactory  lobes  and  cerebel- 
lum, but  they  extend  in  advance  of  the  one  and  farther  back  than  the 
other.  Their  posterior  development  is  so  marked  that  anatomists  have 
assigned  to  that  part  the  character  of  a  third  lobe.  It  is  peculiar  to  the 
genus  Homo,  and  equally  peculiar  is  the  *  posterior  horn  of  the  lateral 
ventricle,' and  the  ^hippocampus  minor,' which  characterize  the  hind 
lobe  of  each  hemisphere.  The  superficial  gray  matter  of  the  tjerebrum, 
through  the  number  and  depth  of  the  convolutions,  attains  its  maxi- 
mum of  extent  in  man.  Peculiar  mental  powers  are  associated  with 
this  highest  form  of  brain,  and  their  consequences  wonderfully  illus- 
trate the  value  of  the  cerebral  character." 

The  views  thus  expressed  by  Owen  were  reiterated  on  various  occa- 
sions, but  many  anatomists  dissented  from  them,  and  the  rumbling  of 
a  future  storm  was  betokened.  At  last  the  storm  cloud  broke,  and 
Owen  was  overwhelmed.  At  a  great  popular  assemblage  at  Oxford, 
on  the  occasion  of  the  meeting  of  the  British  Association  for  the  Ad- 
vancement of  Science,  Owen  once  more  urged  his  contention  of  the 
cerebral  characteristics  of  man,  and  maintained  this  wide  difference 
from  the  apes. 

Huxley  immediately  rose  and,  with  that  cogency  of  reasoning  which 
characterized  him,  proceeded  to  divest  the  subject  of  the  sophistries 
in  which  it  had  been  enveloped.  "The  question,"  he  said,  ''appeared 
to  him  in  no  way  to  represent  the  real  nature  of  the  problem  under 
discussion.  He  would  therefore  put  that  problem  in  another  way. 
The  question  was  partly  one  of  facts  and  partly  one  of  reasoning.  The 
question  of  facts  was.  What  are  the  structural  differences  between 
man  and  the  highest  apes? — the  question  of  reasoning.  What  is  the 
systematic  value  of  those  differences!  Several  years  ago  Professor 
Owen  had  made  three  distinct  assertions  respecting  the  dift'erences 
which  obtained  between  the  brain  of  man  and  that  of  the  highest 
apes.  He  asserted  that  three  structures  were  '  peculiar  to  and  char- 
acteristic'of  man's  brain,  these  being  the  'posterior  lobe,'  the  ^pos- 
terior cornu,'  and  the  '  hippocampus  minor.'    In  a  controversy  which 
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had  lasted  for  some  years  Professor  Owen  had  not  qualified  these  asser- 
tions, but  had  repeatedly  reiterated  them.  He  (Professor  Huxley),  ou 
the  other  hand,  had  controverted  these  statements;  and  affirmed,  on 
the  contrary,  that  the  three  structures  mentioned  not  only  exist,  bui 
are  often  better  developed  than  in  man,  in  all  the  higher  apes.  He 
(Professor  Huxley)  now  appealed  to  the  anatomists  present  in  the  sec- 
tion whether  the  universal  voice  of  Continental  and  British  anatomists 
had  not  entirely  borne  out  his  statements  and  refuted  those  of  Pro- 
fessor Owen.  Professor  Huxley  discussed  the  relations  of  the  foot  of 
man  with  those  of  the  apes,  and  showed  that  the  same  argument  could 
be  based  upon  them  as  on  the  brain;  that  argument  being  that  the 
structural  differences  between  man  and  the  highest  ape  are  of  the 
same  order,  and  only  slightly  different  in  degree  from  those  which 
separate  the  apes  one  from  another.  In  conclusion,  he  expressed  his 
opinion  of  the  futility  of  discussions  like  the  present.  In  his  opinion 
the  differences  between  man  and  the  lower  animals  are  not  to  be 
expressed  by  his  toes  or  his  brain,  but  are  moral  and  intellectual.'^ 

The  appeal  to  anatomists  was  answered  on  the  spot.  The  foremost 
anatomists  of  England  there  present  (BoUeston  and  Flower)  succes- 
sively ros6  and  indorsed  the  affirmations  of  Huxley.  Not  one  supported 
Owen,  and,  brilliant  as  his  attainments  were,  his  want  of  cand(v 
entailed  on  him  the  loss  of  his  eminent  place,  and  Huxley  took  the 
vacated  throne.  But  the  contest  that  resulted  in  Owen's  overthrow 
was  of  great  service,  for  in  the  chief  centers  of  civilization  anatomists 
eagerly  investigated  the  question  at  issue,  and  the  consequence  was 
that  in  a  few  years  more  material  had  been  collected  and  studied  than 
under  ordinary  conditions  would  have  been  done  in  five  times  the 
X)eriod.  Unlike  other  battles,  one  in  scientific  warfare  is  almost  always 
advantageous  to  the  general  cause,  whatever  it  may  be  to  a  party. 

IV. 

The  first  important  memoir  by  Huxley  was  written  in  bis  twenty- 
third  year  On  the  Anatomy  and  the  Affinities  of  the  Family  of  the 
Medusfe  (Phil.  Trans.,  1849,  pp.  413-434,  pL  37-^9),  and  contained  the 
germ  of  a  fundamental  generalization.  He  therein  laid  ^^particalar 
stress  upon  the  composition  of  [the  stomach]  and  other  organs  of  the 
medusae  out  of  two  distinct  membranes,  as,"  he  says,  "I  believe  that 
is  one  of  the  essential  peculiarities  of  their  structure,  and  that  a  knowl- 
edge of  the  fact  is  of  great  importance  in  investigating  their  homologiea 
I  will,"  he  continues,  "call  these  two  membranes  as  such,  and  inde- 
pendently of  any  modification  into  particular  organs,  ^toundadoo 
membranes-"  (p.  414).  In  his  summary  (p.  425)  he  also  tormulates 
"that  a  medusa  consists  essentially  of  two  membranes,  inclosing  a 
variously  shaped  cavity,  inasmuch  as  its  various  organs  are  so  com- 
posed." 

I  have  thus  given  Huxley's  own  words,  inasmuch  as  Professor 
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Haeckel  has  asserted  tliat  Huxley  therein  '*  directed  attention  to  the 
very  important  point  that  the  body  of  these  animals  is  constructed  of 
two  cell  layers — of  the  ectoderm  and  endoderm — and  that  these,  i)hysio- 
logically  and  morphologically,  may  be  compared  to  the  two  germinal 
layers  of  the  higher  animals"  (Nature,  1874),  and  Professor  Kowalevsky 
has  also  claimed  that  Huxley  "founded  modern  embryology  by  demon- 
strating the  homology  of  the  germinal  layers  of  vertebrates  with  the 
ectoderm  and  endoderm  of  ccelenterates.'^  (Nature,  October  31,  1895, 
p.  G51.) 

In  all  candor,  I  must  confess  that,  important  as  the  generalization  of 
Huxley  for  the  Medusae  was,  it  was  only  applied  by  him  to  the  Medusie, 
and  was  not  necessarily  extensible  with  the  homologies  indicated,  but 
it  was  pregnant  with  suggestiveness,  and  to  that  extent  may  have  led 
to  the  wider  generalization  that  followed.  Let  all  possible  credit  then 
be  assigned  to  it. 

The  classification  of  animals  generally  adopted,  and  in  this  country 
especially,  up  to  at  least  the  early  years  of  the  present  half  century, 
was  based  on  what  was  called  plan  or  type,  and  was  mainly  due  to 
Cuvier.  According  to  this  school,  there  were  four  "great  fundamental 
divisions  of  the  animal  kingdom,"  and  these  were  "founded  upon  dis- 
tinct plans  of  structure,  cast,  as  it  were,  into  distinct  molds  or  forms.'^ 
The  term  generally  used  to  designate  this  category  was  branch  or  sub- 
kingdom,  and  the  subkingdoms  themselves  were  named  vertebrates, 
mollusks,  articulates,  and  radiates.  Various  modifications  of  this  sys- 
tem and  more  subkingdoms  were  recognized  by  many  zoologists,  but 
the  one  specially  mentioned  was  in  very  general  use  in  the  United 
States  because  favored  by  Agassiz,  who  then  enjoyed  a  great  reputa- 
tion. Almost  all  naturalists  of  other  countries,  and  many  of  this, 
recognized  the  distinctness,  as  subkingdoms  or  branches,  of  the  Pro- 
tozoans and  ccelenterates.  But  Huxley,  in  1876,  went  still  further  and 
segregated  all  animals  primarily  under  two  great  divisions  based  on 
their  intimate  structure,  accepting  for  one  the  old  name.  Protozoa,  and 
for  the  other  Haeckel's  name,  Metazoa. 

"Among  those  animals  which  are  lowest  in  the  scale  of  organization 
there  is  a  large  assemblage  which  either  present  no  differentiation  of 
the  protoplasm  of  the  body  into  structural  elements,  or,  if  they  pos- 
sess one  or  more  nuclei,  or  even  exhibit  distinct  cells,  these  cells  do 
not  become  metamorphosed  into  tissues — are  not  histogenetic.  In  all 
other  animals  the  first  stage  of  development  is  the  differentiation  of 
the  vitellus  into  division  masses,  or  blastoraeres,  which  become  con- 
verted into  cells,  and  are  eventually  metamorphosed  into  the  elements 
of  the  tissues.  For  the  former  the  name  Protozoa  may  be  retained; 
the  latter  are  coextensive  with  the  Metazoa  of  Haeckel." 

While  not  exactly  original  with  Huxley,  the  recognition  of  these  two 
great  categories  of  the  animal  kingdom  was  hastened  among  natural- 
ists, and  found  place  in  most  of  the  works  by  men  of  authority  that 
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followed.  That  such  recognitiou  greatly  facilitates  luorphological  oon- 
cepta  ia  certain.  But  most  of  the  further  new  features  of  this  claaaifi- 
cation  have  iiot  received  the  approbation  of  naturaliste  ^uerally . 

V. — The  Veetebeate  Theory  of  the  Skull. 

Germany's  gi-eat  poet,  Goethe,  was  "passionately  devoted  to  the 
natural  sciences,^'  but  wa»  "  indaced  by  the  habit  of  his  miud  to  search 
for  tlie  general  truths  which  give  lite  to  the  dry  bones  of  detail."  In 
the  Jewish  cemetery  of  Venice,  a  broken  sheep's  skall  came  under  his 
notice  and  he  thouglit  he  recognized  that  it  was  made  of  modified  ver 
tebrie.  Another  German,  Oken,  in  the  Hartz  mountains,  "  stumbled 
upon  the  blanched  skull  of  a  deer,"  and  he  was  inspired  with  the  idea 
that "  it  is  a  vertebral  column."  Oken  immediately  proclaimed  bis  idea 
to  the  world.  It  found  acceptance  in  many  places  and  England's  great 
anatomist,  Richard  Owen,  took  it  up  and  carefully  elaborated  a  new 
form  of  it.  Owen's  modifications,  dubbed  the  "archetype^' of  the  skele- 
ton, became  popular  in  Britain  and  America,  and  elements  of  the  skull 
were  described  in  terms  Indicating  that  they  were  "  homotypes  "  with 
appendages  of  vertebra,  the  nasals,  for  example,  being  styled  the 
uenral  spines  of  the  nasal  vertebra,  the  premaxUlary  the  hiemal  spiDC 
of  the  same  vertebra,  and  the  dentary  of  the  lower  jaw  the  luenul 
spine  of  the  frontal  vertebra.  Bat  atitl  more  faucifol  was  the  tenni- 
nology  for  the  limbs,  the  anterior  being  allocated  to  the  occipital  vet- 
t«bra,  and  the  scapula  regarded  as  a  plenropophysis,  the  coracoid  as  i 
hajmapophysis,  and  the  limb  itself  as  a  "  diverging  appendage." 

Strange  as  tliis  conception  may  appear  to  the  young  who  have  onif 
been  educated  in  modern  methods,  it  had  attractions  for  some,  as  I  cu 
testify  from  personal  experience.  When  a  boy  I  made  an  enlarged 
copy  of  the  diagram  republished  in  Carpenter's  Physiology  and  colored 
the  ueurai>ophyse8  blue  and  the  hiemapophyses  red.  Later  reflection  led 
me  to  the  conclusion  that  an  "  archetype  "  should  be  more  or  leas  real- 
ized, and  if  it  were  not,  it  bad  no  place  in  nature.  As  tbe  Oweniu 
archetype  was  at  most  only  distantly  approximated  by  specialised 
fiahcs,  it  could  not  be  a  true  archetype  of  the  vertebrate  skeleton  » 
such,  liowever  near  it  might  represent  the  typical  flah  skeleton.  Doubt- 
less others  were  led  by  similar  reasoning  to  discard  the  Oweuian  ideM, 
yet  they  continued  in  favor  among  many. 

But  in  1858,  in  a  lecture  on  the  Groonian  foundation  before  tbe  Boyal 
Society,  with  Owen  himself  in  the  chair,  Huxley  discoursed  "on  tbe 
theory  of  the  vertebral  skull,"  and  conclusively  showed  the  inconsist- 
ency of  the  archetypal  conception  with  the  facts  of  embryology  ud 
development.  After  a  recapitulation  he  confessed  that  he  did  '*not  ptt- 
ceive  how  it  ia  possible,  fairly  and  consistently,  to  reconcile  these  (aett 
with  any  existing  theory  of  the  vertebrate  composition  of  the  skull, 
except  by  drawing  ad  libitum  upon  tbe  Deua  ex  machina  of  the  spean 
later — imaginary  confluences,  'oonnations,'  'irrelative  repetitions,' ud 
ebiftiogs  ot  poaitiou— \i'3  -wVoaa  ^\^s.\)\  %%'^-«»&ASi<a.  it  woald  not  be 
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difficult  to  devise  half  a  dozen  very  pretty  vertebral  theories,  all  equally 
true,  in  the  course  of  a  summer's  day."  He  naturally  reached  not  only 
"the  negative  conclusion  that  the  doctrine  of  the  vertebral  composition 
of  the  skull  is  not  proven,"  but  "  the  positive  belief  that  the  relation  of 
the  skull  to  the  spinal  column  is  quite  different  from  that  of  one  part 
of  the  vertebral  column  to  another." 

The  blow  thus  dealt  against  the  Owenian  archetyx>e  was  a  serious  one, 
and  it  was  nearly  coincident  with  the  growing  adoption  of  the  doctrine 
of  evolution  and  the  overthrow  of  the  doctrine  of  types  and  patterns. 
At  any  rate,  the  old  idea  of  the  vertebration  of  the  skull  became  an 
idea  of  the  past.  Owen  continued  to  preach  it,  but  his  disciples 
abandoned  it,  and  he  was  soon  left  without  a  single  notable  follower. 

YI. — Classification  op  Ganoid  Fishss. 

The  designation  of  Ganoidei  was  originally  given  by  Agassiz  to  a 
heterogeneous  group  of  fishes  distinguished  by  a  covering  of  what  were 
called  ganoid  scales  and  having  no  other  common  characters;  some  of 
its  representatives  even  lacked  the  "  ganoid  "  scales.  But  most  of  the 
extinct  species,  at  least,  were  really  structurally  affiliated  and  such 
were  segregated  by  Johannes  Miiller  in  a  comparatively  natural  group 
distinguished  by  cerebral,  caidiac,  and  intestinal  peculiarities,  and  for 
this  group  was  retained  the  Agassizian  term  Ganoidei.  Its  constituents 
were  contrasted  under  two  subordinate  groups  named  Ghondrostei  and 
Holostei.  The  families  of  the  latter  group  were  evidently  related  in 
various  degrees,  but  such  degrees  were  not  expressed  in  the  arrange- 
ment of  the  families,  and  the  families  themselves  were  mostly  defined 
by  superficial  characters  of  little  value.  The  appointment  of  Huxley 
to  the  professorship  of  natural  history  in  the  Government  School  of 
Mines  led  him  to  investigations  which  culminated  in  a  "  Preliminary 
Essay  upon  the  Systematic  Arrangement  of  the  Fishes  of  the  Devonian 
Epoch"  (1861),  and  '^Illustrations  of  the  structure  of  the  Crosstopery- 
gian  Ganoids"  (1866).  He  proceeded  '•  to  reconsider  the  whole  question 
of  the  classification  of  the  fishes  of  this  epoch,  and,  eventually,  to  arrive 
at  results  which  seem  to  necessitate  an  important  modification  of  the 
received  arrangement  of  the  great  order  of  Ganoidei."  He  recombined 
the  Ghondrostei  and  Holostei,  and  then  distributed  the  aggregate 
(which  he  designated  as  an  order)  into  five  suborders  in  the  following 
manner: 

Ordo  ganoidei.! 
Subordo     I. — ^Amiad^e. 

Snbordo   II. — LKPiBOSTEiDiE. 

Subordo  III. — CROSSOPTERYGIDiE. 
Fam.  1. — POLYPTERINI. 

Dorsal  Ian  very  lon^^,  multifid ;  scales  rhomboidaL 
Polypterus. 


*  Memoirs  of  the  Geological  Survey  of  the  United  Kingdom.    Figures  and  descrip- 
tions illustrative  of  British  Organic  Remains,  Decade  X,  pages  23^24% 
SM95 ^9 
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SnbordoIII.— CROssoPTERYOiit*;— C'ontliinBd. 
Fam.  2.— 8a  I!  nOiHPTERlN  I. 

Darsal  finii  two ;  scales  rliomboiilnl,  nmoutli ;  fiuH  Hiiliacntely  Inbate. 
THplopierttt,  OateoUpii,  Megalirhthf. 
Fam,  3. — GtypToDiPTERiNi. 

Doraal  flus  two;  scales  rhomboiilul  or  cycloiilal,  Rciilptiired ;  pAcloral 
fins  acately  lobate;  dentition  ilendrodont. 
Snli-fum.  A.  with  ctiomboidnl  scales. 

Glypioleemtit,  Glgptopotaut,  Ggroplgckiut. 
Sab- fain.  It.  with  cjcloidal  scales. 

Holoiptj/chiiu,  GlyploUpif,  Platygnatkiu  IRktiodua,  Dvmdrodut,  Crin- 
dui,  Lannodui']. 
Fam.  i.— Ctbnodowptkrini. 

Doraal  liiis  two ;  scales  cycloidal ;  pectorals  and  ventrule  Acntelj-  l«baUj 
dentition  ctenodomt. 
/>ipl#rH*  {CeralodiuT  Trietichoptervit], 
Fam.  5. — PiiANBROPLKUniNi. 

Dorsal  Ba  single,  very  long,  not  snbdivided,  supported  by  many  inter- 
spinous  bones;  scali/s  thin,  cycloidal;  teeth  (Mitiical;  ventral  fins 
very  long,  acutely  lobBt«. 
Phaneropte  uron . 
Fam.  6.— CffiLACANTlllNl. 

Dorsal  fins  two,  each  snpported  1iy  a  single  intenpinons  bone;  btsIm 
cyoloidal;  paired  tins  obtusely  lobate;  air  bladder  oseiGed. 
Calatanthvi,  Undina,  Maoraporna. 
Subordo  IV. — CHONDRUSTEiD.f:. 
Sobordo   V.— Acantiiodio*. 

The  chief  merit  in  this  arrangement  is  the  appreciation  of  the  close' 
ness  of  the  relations  betw^eeii  the  extinct  fishes  of  the  f^ronps  now  rec- 
ognized as  Dipuoans  and  Crossoptetygians,  and  the  anticipation,  bf 
a  kind  of  intnition,  of  part  of  the  truth  as  now  reco^ized.  The 
"saborder  Crossopterygidie ^'  of  Huxley  is  really  a  compound  of  the 
sahclasses  or  superorders  of  Dipnoaua  and  Crossopterygians.  The  di* 
tinctive  characters  of  the  two  were  not  recognized,  and  the  author 
even  failed  to  appreciate  the  exact  relations  of  the  living  and  extinct 
Dipnoans,  or  that,  in  fact,  many  of  his  Croaaopterygidie  are  reall; 
Dipuoans.'  Inhis  Anatomy  of  the  Vertebrates  (1871),  even  he  retained 
bis  arrangement  of  the  "Ganoidei,"  which  were  placed  as  the  fourth 
order  of  fishes,  and  considered  the  "  Dipnoi"  after  the  Teleostei  and  » 
the  sixth  order  of  fishes.  He  failed  even  to  find  any  extinct  DipnottU, 
and  concluded  his  observations  on  the  group  with  the  statement  that 
"  It  is  a  remarkable  circomstance  that,  while  the  IHpnoi  present,  in  so 
many  respects,  a  transition  between  the  piscine  and  the  amphibiu 
types  of  structure,  the  spinal  column  and  the  limbs  should  be  not  only 
piscine,  but  more  nearly  related  to  those  of  the  most  ancient  Crossop- 
terygiau  Ganoids  than  to  those  of  any  other  fishes."* 

nlie  Polyptetiui,  KaurodiptoTini,  OlyptodiptcriDl,  and  Cielacanthlni  are  aloM 
regarded  as  "  Crossoptorygii"  by  recent  pal  ichthyologists,  the  Ct«notlipt«rini  ud 
Fbaneroplenrini  being  regarded  an  "  Dipnoi." 

'It  may  not  be  out  ot  \\ixx  for  lue  to  remark  here  that  even  earlier,  in  1861,  thu 
the  poblicatiOTi  at  HoiIb^'  «  ^ i>v^t  ,  \  'VtA  \<tco%aviff&.  ^.\a  •^ominon  Gh»rsc(en  nf  tin 
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Finally,  in  1876,  Huxley  publisbed,  as  "No.  1"  of  "Contributions  to 
Morphology,"  a  memoir  "On  Geratodtis  forsterij  with  observations  on 
the  classification  of  fishes."  He  still  persisted  in  separating  the  recent 
Dipnoans  from  the  extinct  forms  combined  with  the  Crossopterygidae, 
and  contended  that  "even  Dipterus^  which  approaches  Ceratodus  and 
Lepidosiren  so  closely  in  its  dentition  and  in  the  form  of  its  fins,  is  far 
more  similar  to  Polypterus  and  Amia  in  other  respects;  and  there  is  at 
present  no  reason  to  believe  that  any  of  the  Orossopterygian  Ganoids 
possessed  other  than  a  hyostylic  skull,  or  difi*ered  from  Polypterus  in 
those  respects  in  which  Polypterus  differs  from  the  existing  Dipnoi.  All 
known  Crossopterygians  have  jugular  plates,  of  which  there  is  no  trace 
in  the  Dipnoi." 

It  will  be  thus  seen  that  the  suborder  of  Crossopterygidae  was  really 
the  result  of  a  misunderstanding  and  Included  most  Dipnoans  (and  to 
such  extent  was  a  synonym  for  that  group)  as  well  as  the  Crossopteryg- 
ians of  later  authors.  It  was  by  no  means  the  exact  equivalent  of 
Crossopterygians,  and  consequently  the  latter  name  can  not  be  consid- 
ered as  a  synonym  of  Crossopterygidae  or  be  replaced  by  it.  Neverthe- 
less the  introduction  of  the  so-called  suborder  was  not  only  the  expres- 
sion of  an  advance  in  our  knowledge  of  the  system  itself,  but  paved 
the  way  for  future  investigators. 

I  am  even  inclined  to  credit  mainly  to  his  sagacity  the  early  appreci- 
ation of  the  affinity  of  the  Neoceratodus  of  Australia  to  the  mesozoio 
Ceratodontids  with  all  the  far-reaching  consequences  that  appreciation 
involved.  It  was  in  1870  that  the  living  Ceratodontid  was  introduced 
to  the  scientific  world  as  Ceratodus  forsteri^  and  thus  generically  associ- 
ated with  the  mesozoic  fishes.  How  did  Krefft  (or  Clarke)  get  the  idea 
of  this  association  of  a  living  fish  with  some  known  only  from  fossil 
teeth  referred  by  Agassiz  to  the  same  family,  as  the  Cestraciont  sharks  t 
In  1861  Huxley  published  his  Preliminary  Essay  upon  the  Systematic 
Arrangement  of  the  Fishes  of  the  Devonian  Epoch,  and  therein  sug- 
gested that  Ceratodus  was  a  Ctenodipterine  fish  and  ranged  it  (with  a 
mark  of  interrogation)  by  the  ^idiQ^oi Dipterus.  He  also  drew  "attention 
to  the  many  and  singular  relations  which  obtain  betwec  n  that  wonder- 
ful and  apparently  isolated  fish,  Lepidosiren^^  and  the  Ctenodipterine 


Dipnoi  and  Polyp teroicls,  and  for  that  reason  combined  the  two  in  the  subclass 
Ganoidoi.  In  a  discussion  of  the  subject  (Cat.  Fishes  N.  Am.,  p.  15;,  I  remarked 
that  "Milne-Edwards  again  urges  as  a  previously  neglected  argument  in  favor  of 
the  amphibian  nature  of  Lepidosiren^  the  opening  of  the  ductus  pneumaticus  of  the 
pulmonary  sacs  into  the  ventral  face  of  the  digestive  canal.  But  we  also  find  a 
similar  arrangement  in  the  species  of  the  geuuM  Polypterus j  animals  whoso  piscine 
character  and  affinities  have  never  been  called  in  question;''  also,  ''It  is  a  fact  of 
no  little  interest  that  the  Polypteri^  which  have  an  air  bladder  so  similar  to  that  of 
the  Lepidosiren  en  t  do  also,  of  all  known  fisheH,  most  resemble  them  in  the  form  and 
development  of  the  diflcrent  elements  of  the  brain."  They  difler,  however,  in  car- 
diac and  oMteologic  characters.  I  concluded  that  ''as  the  Dipnoi  agree  in  all  other 
essential  respects  with  the  Ganoids,  we  Avill  then  at  least  provisionally  consider 
them  as  belonging  to  the  same  great  subclass.'' 
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fishes.  (The  exact  troth  was  not  discovered,  but  was  approximated.) 
Is  it  not  probable  that  this  memoir  was  kuowu  to  Clarke,  who  claimed 
to  have  snggested  to  Krcttt  the  systematic  relations  of  the  newly  discov- 
ered Austrnlian  Dipuoaiit  It  was  creditable  to  both  Clarke  and  Krefit 
that  they  did  recognize  this  relationship  and  profited  by  their  biblio- 
graphical knowledge,  but  it  is  doubtful  whether  they  would  have  been 
able  to  make  the  identification  or  appreciate  the  importance  of  the 
discovery  bad  not  Huxley  partly  prepared  the  way.  By  this  discovery, 
oar  acquaintance  with  the  icbthyie  faunas  of  both  the  present  and  past 
was  almost  revolutionized. 

i  ™- 

To  the  casual  observer  none  of  the  terrestrial  backboned  animals 
appear  to  be  less  relat«d  than  birds  and  reptiles.  As  Iluxley  remarks, 
"to  sui>erflcial  observation  no  two  groups  of  beings  can  appear  to 
be  more  entirely  dissimilar.  -  -  -  Placed  side  by  side,  a  bamming 
bird  and  a  tortoise,  an  ostrich  and  a  crocodile  offer  the  strongest  (-on- 
trast,  and  a  stork  seems  to  have  little  but  auimality  in  uomoion  with 
the  snake  it  swallows."  A  difference  in  habits  appears  to  be  associat«l 
with  the  difference  in  form.  The  activity  and  freedom  of  the  bird  con- 
trasts with  the  lethargy  and  restriction  in  range  of  the  tortoise— the 
warm  body  of  the  former  with  the  cold  mass  of  the  latter.  The  bird.* 
are  looked  upon  as  inhabitants  of  the  air,  the  reptiles  as  degraded  to 
crawling  on  the  earth.  The  popular  conclusions  were  to  a  considerable 
extent  adopted  by  the  sciontiflc,  and  for  a  long  time  the  birds  and  man 
mals  were  associated  together  as  "  warm-blooded  "  in  coutradisttnctiiHi 
to  the  reptiles  and  other  vertebrates,  which  were  designated  as  '-cold' 
bloode^li"  This  classification  was  in  vogue  in  England  when  Huiley 
reopened  the  question  aa  to  the  relative  afiBnities  of  the  vertebrates, 
and  in  1804  claimed  that  the  classes  of  that  division  *'  are  capable  of 
being  grouped  into  three  provinces^(l)  the  Iclithyoids,  comprisin; 
Fishes  an<1  Amphibia;    •     •     -    (2)  the  Sauroids,  •     -     compris- 

ing Reptiles  and  Birds;  and  (3)  the  Mammals.'  -  •  -  The  Saaroids 
{afterwards  called  " Sauropsida")  agree  in  having  "a  single  ocolpilal 
condyle,  a  complex  mandibular  ramus  articulateil  to  the  skull  by  i 
quadrate  bone,  nucleated  blood  corpuscles,"  and  thus  differ  from  the 
mammals,  which  have  "a  welt -developed  basi-oceipital  -  -  -;  * 
simple  maudibnlar  ramus  articulated  with  the  squamosal  and  not  vith 
the  quadratnm,  with  mammary  glands  and  with  red  non-uacleate^l  blood 
corpuscles." 

In  18C8  Huxley  directed  his  inquiries  "on  the  animals  which  an 
most  nearly  intermediate  between  birds  and  reptiles.''  * 

The  differences  between  the  recent  members  of  the  two  <-las8es  an 

'  I.ecturea  on  tlie  Elements  of  Coiiiparati  v«  Anatotn.v,  1864,  pa)^  74. 
»  Aim&\B  a,ii41i»,s.^a^. ■««((..  i,*.A.V«L.  U,  pages  66-75. 
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indeed  many.  The  question,  then,  was  How  far  can  this  gap  be  filled 
up  by  a  reference  to  the  records  of  the  life  of  past  agest 

"The  question  resolves  itself  into  two: 

"  (1)  Are  any  fossil  birds  more  reptilian  than  any  of  those  now  living! 

"(2)  Are  any  fossil  reptiles  more  bird  like  than  living  reptiles! 

Both  of  these  questions  Huxley  found  "must  be  answered  in  the 
affirmative.'' 

The  remains  of  Archaeopteryx  found  in  the  "lithographic  slate  of 
Solenhofen"  furnished  a  bird  with  decided  reptilian  characters — so 
prominent,  indeed,  that  some  of  the  paleontologists  of  the  x>6riod 
claimed  that  the  animal  was  a  reptile  rather  than  a  bird. 

The  remains  of  various  Dinosaurians  of  Mesozoic  times  yielded  rep- 
tiles with  characteristics  manifest  only  among  the  birds  of  the  present 
epoch.  Such  characteristics  were  especially  exemplified  in  details  of 
structure  of  the  hind  limbs.  One  of  the  Dinosaurians — CampaogTiar 
thua — ^was  so  much  like  a  bird  in  the  legs  that  "it  is  impossible  to 
doubt  that  it  hopped  or  walked,  in  an  erect  or  semierect  position,  after 
the  manner  of  a  bird,  to  which  its  long  neck,  slight  head,  and  small 
anterior  limbs  must  have  given  it  an  extraordinary  resemblance." 

From  the  vantage  ground  of  the  present,  with  its  increased  stores, 
we  may  justify  Huxley's  "hope"  that  he  had  redeemed  his  "promise  to 
show  that  in  past  times  birds  more  like  reptiles  than  any  now  living 
and  reptiles  more  like  birds  than  any  now  living  did  really  exist." 
There  is  now  even  a  tendency  to  regard  the  differences  remaining 
between  the  birds  and  reptiles  as  of  less  than  class  value,  and  to  com- 
bine both  groups  in  one  and  the  same  class — Sauropsida.  The  first  to 
propose  such  a  union  was  Professor  Cope,  who  had  even  to  some  extent 
anticipated  Huxley  in  the  recognition  of  the  similarity  between  the 
Dinosaurians  and  birds.  The  fact  that  two  such  men  independently 
arrived  at  similar  conclusions  is  significant  as  evidence  for  their  truth. 
But  there  is  danger  of  pushing  a  truth  to  the  extreme  of  itself  deceiv- 
ing. There  is  still  a  great  gap  between  any  known  reptile  and  any 
known  bird.  Huxley  concluded  with  the  caution  that,  "  as  we  possess 
hardly  any  knowledge  of  the  terrestrial  reptiles  of  [the  Triassic]  period, 
it  may  be  regarded  as  certain  that  we  have  no  knowledge  of  the  ani- 
mals which  linked  reptiles  and  birds  together  historically  and  genetic- 
ally, and  that  the  Dinosauria,  with  CompaognathuSj  Archceopteryx^  and 
the  struthious  birds,  only  help  us  to  form  a  reasonable  conception  of 
what  these  intermediate  forms  may  have  been."  This  cautious  state- 
ment is  as  apt  for  the  present  time  as  that  in  which  it  was  expressed." 

YIII. 

One  of  the  most  persistent  prejudices  that  has  influenced  the  progress 
of  zoological  taxonomy  has  been  (perhaps  still  is)  a  belief  in  the  import- 
ance of  superficial  adaptation  of  structure  for  life  in  the  water  contra- 
distinguished from  life  on  the  land.    This  prejudice  was  long  impressed 


( 
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on  ornithology.    The  birds  with  feet  adapted  for   swimming  by  the 
1  development  of  webs  between  the  toes  or  for  wading  by  elongation  of 

the  legs  were  set  apart  from  those  fitted  mainly  for  progress  on  land 
or  throngh  the  air:  in  other  words,  from  those  having  negative  char- 
acters in  such  respects.  The  major  subdivisions  of  those  groups,  too, 
were  almost  solely  distinguished  by  superficial  characters  of  little 
importance,  such  as  the  form  of  the  bill,  the  character  of  the  claws, 
and  the  combinations  of  toes.  Variations  in  such  trivial  characters, 
which  in  other  classes  of  vertebrates  would  be  esteemed  of  little  sj3 
tematic  value,  were  assigned  ordinal  rank.  Comparative  anatc^my, 
too,  was  almost  entirely  neglected  in  the  classification  of  birds;  even 
most  anatomists  were  content  to  limit  their  observations  to  simple 
irrelative  details  or  to  interject  them  into  the  framework  of  existing 
arrangements.  Such  was  the  state  of  ornithology  in  18G7  when  llax- 
ley  published,  in  the  Proceedings  of  the  Zoological  Society  of  London, 
a  memoir  "On  the  classification  of  birds,  and  on  the  taxononiic  value 
of  the  modifications  of  certain  of  the  cranial  bones  observable  in  that 
class."  In  this  he  discarded  the  characters  generally  used  and  allowed 
himself  to  be  influenced  by  the  modifications  to  be  found  in  the  skele 
ton  without  reference  to  the  habits  or  habitats  of  the  birds.  lie 
reduced  the  orders  to  three — the  Saururre  (extinct),  the  Ratitte,  and 
the  Carinatae.  The  last,  including  almost  all  the  living  forms,  were 
divided  into  primary  groups  defined  by  modifications  of  '^  the  bone^ 
which  enter  into  the  formation  of  the  palate."  "  Four  different 
modes"  were  recognized  and  were  "called,  respectively,  the  T>rom(rog- 
nathousy  Schizognathous^  Desmognathons^  and  ^githognathous  arrange- 
ment" (p.  425).  It  was  urged  that  "these  cranial  characters  may 
safely  be  taken  as  indications  of  natural  affinities"  (p.  454),  and  Huxley 
proposed  "to  regard  these  divisions  as  suborders,  and  to  name  them 
DronKCognathcej  Schizognaiha*^  Desmognathw^  and  JEgitlwgnathfr  (p.  456). 
The  last  three  suborders  were  divided  into  groups  with  the  termina- 
tion -morphae,  as  yl^tomorphie  (RaptoDes),  Psittacomorphic  (Psittaci), 
etc.,  not  taxonomically  designated,  but  essentially  equivalent  to  "suix^r- 
families."  The  ^Egitboguathous  "Ooracomorpha;"  corresponded  with 
the  "Passeres"  as  limited  by  recent  naturalists,  and  Huxley  was 
^'disposed"  to  divide  it  "into  two  primary  groups,  one  contaming 
Menura^  and  the  other  all  the  other  genera."  How  the  immense  aggiv 
gate  represented  by  all  the  other  genera  were  to  be  subdivideil  Huxley 
did  not  venture  to  decide,  but  he  leaves  the  impression  that  he  bad 
little  respect  for  the  numerous  "families"  which  had  been  recognizttl 
by  most  ornithologists. 

The  value  of  this  work  consisted  chiefly  in  disturbing  the  old  classi- 
fications and  calling  attention  to  the  proi)er  method  of  investigation. 
Much  of  it,  nevertheless,  appears  to  have  been  of  permanent  value, 
and  most  of  the  superfamilies  at  least  have  been  recognizee!  as  natural 
assemblages,  although  still  generally  given  ordinal  or  subordiual  rank 
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and  endowed  with  older  names.  The  memoir  at  least  gave  an  impulse 
in  the  right  direction — morphological  as  opposed  to  teleological — and 
has  incited  to  many  elaborate  investigations  to  the  great  advantage  of 
ornithology. 

IX. 

• 

Much  doabt  had  existed  respecting  the  natare  of  the  non-mammalian 
ancestors  of  the  mammals.  It  was  sapi)osed  by  some  that  they  must 
have  been  reptiles  related  to  the  Dinosaurians,  bnt  the  specialized 
characteristics  and  high  development  of  that  type  forbade  the  belief 
that  they  were  in  the  direct  line  of  descent.  Of  course  the  birds 
which  agreed  with  the  mammals  in  the  possession  of  a  quadrilocular 
heart,  complete  circulation,  and  warm  blood  must  even  more  positively 
than  the  Dinosaurians  be  excluded  from  the  line  of  descent.  The 
problem  of  wliat  was  the  genealogy  of  the  highest  class  of  animals  was 
at  last  attacked  by  Huxley.  In  several  memoirs,'  published  in  1876, 
1879,*  and  1880,^  he  examined  the  evidence  and  formulated  his  con- 
clusions.   Those  conclusions  were  expressed  in  the  following  terms : 

^^  Our  existing  classifications  have  no  place  for  [the]  submammalian 
stage  of  evolution  (already  indicated  by  Haeckel  under  the  name  of 
Promammale),  It  would  be  separated  from  the  Sauropsida  by  its  two 
condyles,  and  by  the  retention  of  the  left  as  the  principal  aortic  arch; 
while  it  would  probably  be  no  less  differentiated  from  the  Amphibia  by 
the  presence  of  an  amnion  and  the  absence  of  branchio)  at  any  period 
of  life.  I  propose  to  term  the  representatives  of  this  stage  Hypotheria; 
and  I  do  not  doubt  that  when  we  have  a  fuller  knowledge  of  the  ter- 
restrial vertebrata  of  the  later  palaeozoic  epochs,  forms  belonging  to 
this  stage  will  be  found  among  them.  Now,  if  we  take  away  from  the 
Hypotheria  the  amnion  and  the  corpus  callosum,  and  add  the  functional 
branchiae — the  existence  of  which  in  the  ancestors  of  the  mammalia  is 
as  clearly  indicated  by  their  visceral  arches  and  clefts  as  the  existence 
of  complete  clavicles  in  the  ancestral  Canidae  is  indicated  by  their  ves- 
tiges in  the  dog — the  Hypotheria,  thus  reduced,  at  once  take  their  place 
among  the  Amphibia,  for  the  presence  of  branchiae  implies  that  of  an 
incompletely  divided  ventricle  and  of  numerous  aortic  arches,  such  as 
exist  in  the  mammalian  embryo,  but  are  more  or  less  completely  sup- 
pressed in  the  course  of  its  development. 

"Thus  I  regard  the  amphibian  type  as  the  representative  of  the  next 
lower  stage  of  vertebrate  evolution ;  and  it  is  extremely  interesting  to 


I  On  the  evidences  as  to  the  origin  of  existing  vertebrate  animals.  (Nature,  Vol. 
XIII,  pp.  388,  389,  410-412,  429,  430,  467-469,  514-516;  Vol.  XIV,  pp.  33, 34. 

'On  the  characters  of  tho  pelvis  in  the  niammalin,  and  the  conclusions  respecting 
the  origin  of  mammals  which  may  be  based  on  them.  (Proc.  Royal  Soc,  Vol.  XXVIII, 
pp.  162,  163;  Natare,  Vol.  XX,  pp.  22-24.) 

3  On  the  application  of  the  laws  of  evolution  to  the  arrangement  of  the  vertebrata, 
and  more  particularly  of  tho  mammalia.  (P^Qc,  Zool,  Soc.;  1880,  pp.  649-^2 ;  Nature, 
Vol.  XXIII,  pp.  203,  204,  227-231.) 
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observe  that  even  the  existing  Amphibia  present  us  with  almost  every 
degree  of  modification  of  the  type,  from  such  forms  as  the  oviparous, 
branchiate,  small-lunged  Siredon  and  Menohranchus^  which  stand  in  the 
same  relation  to  it  as  Gymnura  to  the  Eutheria,  to  the  exclusively  Jiir- 
breathing  Salamanders  and  frogs,  in  which  the  period  of  intraovular 
development,  either  within  the  uterus  itself  or  in  special  receptacles, 
may  be  as  much  prolonged  as  it  is  in  the  mammalia. 

''A  careful  study,  on  full  materials,  of  the  development  of  the  young 
of  such  forms  as  Hylodes  will  probably  throw  great  light  on  the  nature 
of  the  changes  which  ended  in  the  suppression  of  the  brauchiaf  and 
the  development  of  the  amnion  and  of  the  extra-abdominal  part  of  the 
allantois  in  the  foetus  of  the  higher  vertebrata." 

During  the  intervening  years  no  discoveries  of  fossil  forms  substan- 
tiating these  inferences  have  been  discovered.  Among  the  aucieut 
vertebrates  now  known  none  appear  to  be  more  nearly  allied  to  the 
mammals  than  certain  Permian  animals  representing  a  special  order 
named  by  Cope  Theromorpha  or  (later)  Theromora.  As  early  as  1878 
**the  order  Theromorpha  was  regarded  by  Professor  Cope  as  approxi- 
mating the  mammalia  more  closely  than  any  other  division  of  reptilia, 
and  as  probably  the  ancestral  group  from  which  the  latter  were  de- 
rived."^ These  views  were  subsequently  developed  in  greater  detail,' 
and  appear  to  be  entitled  to  much  consideration.  In  this  connection 
it  may  be  added  that  the  difference  between  Huxley  and  Cojye  is  less 
than  the  terms  in  which  they  have  been  stated  might  seem  to  indicate. 
The  gap  between  primitive  amphibians  and  reptiles  is  by  no  means  as 
great  as  between  the  modern  types,  and  it  may  be  doubted  whether 
the  ancestors  of  the  mammalian  stock  were  members  of  the  specialized 
order  defined  as  Theromorpha.  Neither  of  the  philosophers  may  be  far 
out  of  the  way. 

X. 

Among  the  most  important  results  of  Huxley's  investigations  were 
the  discovery  and  approximately  correct  recognition  of  the  nature  of 
the  "peculiar  gelatinous  bodies''  found  in  all  the  seas,  whether  extra- 
tropical  or  tropical,  through  which  the  Rattlesnake  sailed,  and  which 
were  named  Thalassicola,  precursors  of  radiolarian  hosts  afterwards  to 
be  brought  to  light,  and  the  perception  of  the  comparative  affinities  of 
the  southern  forms  of  astsicoidean  crustaceans  and  their  contrast  as  a 
group  with  the  forms  of  the  Northern  Hemisphere.  I  must  resist  the 
temptation  to  further  enumerate  the  great  naturalist's  discoveries  aud 
generalizations. 

A  few  words  on  the  nature  of  his  work  may  be  desirable.  And  here 
it  may  be  admitted  that  Huxley  was  rather  a  mori)hologist  in  a  narrow 

>The  Theromorphous  Reptilia.     (Am.  Nat.,  Vol.  XII,  pp.  829, 8:^0,  1878.) 
^The  relations   of  the  tlieromor])liou8  reptiles  and  the   monotrcine   mammalia. 
(Proc.Am.  Asftoc.  Mt.  ^c,,\oVXy.X.Ul,  uv.  471-482,  1  plate,  1885.) 
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sense,  or  anatomist  rather  than  a  systematist  of  greatly  8nx>erior 
excellence.  Unqnestionably  he  did  much  excellent  work  in  systematic 
zoology,  bnt  the  direct  subject  of  investigation  was  perhaps  treated 
from  too  special  a  standpoint,  and  sometimes  without  an  attempt  to 
coordinate  it  with  the  results  in  other  fields,  or  to  measure  by  some 
given  standard.  He  was  indeed  a  great  artist,  but  he  used  his  powers 
chiefly  to  sketch  the  outlines  of  a  picture  of  nature.  This  was  done 
with  the  bold  and  vigorous  hand  of  a  master,  but  his  productions  were 
deficient  in  details  and  finish  and  were  sometimes  imperfect  on  account 
of  inattention  to  perspective  and  perhaps  deliberate  neglect  of  the 
niceties  of  nomenclature.  (And  lest  I  may  be  misunderstood,  let  me 
here  explain  that  by  systematic  zoology  I  mean  the  expression  of  all 
the  facts  of  structure  in  a  form  to  best  represent  the  values  of  the  differ- 
ences as  well  as  resemblances  of  all  the  constituents  and  parts  of  the 
entire  organization,  from  the  cells  to  the  perfected  organs  and  the  body 
as  a  whole.)  For  example,  he  separated  amphibians  from  reptiles  and 
combined  them  with  fishes,  and  yet  under  the  last  name  comprised  the 
Leptocardians  and  Marsipobranchs,  and  to  his  influence  is  doubtless 
due  to  a  large  extent  the  persistence  of  English  (but  not  American) 
naturalists  in  a  combination  which  is  elsewhere  regarded  as  contra- 
dicted by  all  sound  morphological  doctrine.^  The  value  of  the  char- 
acters distinctive  of  the  Khynchocephalian  reptiles  and  their  consequent 
significance  for  taxonomy  and  j)aleontology  were  also  denied  by  him. 
Nevertheless,  even  his  negative  position  was  of  use  in  that  it  incited 
investigation.  The  numerous  memoirs  on  the  anatomy  and  character- 
istics of  various  groups  of  animals,  too,  were  always  replete  with  new 
facts  and  the  hints  were  almost  always  sagacious,  even  if  not  always  in 
exactly  the  right  direction. 

XI. 

While  the  contest  between  the  old  and  new  schools  of  biological 
philosophy  was  at  its  height,  the  former  was  almost  entirely  supported 
by  the  religious  element,  and  bitter  were  the  invectives  against  evolu- 
tion. The  opposition  was  almost  solely  based  on  the  ground  that  the 
doctrine  was  in  opposition  to  revealed  religion.  The  naturally  com- 
bative disposition  of  Huxley  was  much  aroused  by  this  opposition, 
and  the  antagonism  early  engendered  was  kept  aglow  during  his  entire 
life.  Meanwhile  it  had  been  discovered  by  many  of  the  more  sagacious 
and  learned  clergymen  that  there  was  no  real  antagonism  between  the 
scriptural  account  of  creation  and  evolution,  but  that  the  two  could  be 
perfectly  reconciled.  The  reconciliation  had  been  effected  between 
Genesis  and  astronomy  and  between  Genesis  and  geology,  and  was 
continued  on  the  same  lines  for  Genesis  and  evolution.    But  Huxley 


^The  great  English  roorphologists  (biicIi  as  Balfour  and  Ray  Lankovster),  Huxley's 
own  successor  in  the  RoyqJ  College  of  Science,  Professor  Howes,  and  A.  Smith  Wood- 
ward among  systematic  ichtbyologittta  have  recognized  the  heterogeneity  of  the  old 
class  of  fishes. 
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voald  have  Done  of  it.  He  gave  expression  to  his  convictioiiB  in  tbe 
following  words : 

"For  more  than  a  thousand  years,  the  great  majority  of  tbe  most 
highly  civilized  aud  instructed  iiatious  iu  tbe  world  have  confidently 
believed  and  passionately  maintained  tliat  certain  writings,  which  tbey 
entitle  sacred,  occupy  a  nnique  position  in  literature,  iu  th^it  they  |)os- 
sess  an  authority,  different  in  kind,  and  immeasurably  superior  in  weight, 
to  that  of  all  other  books.  Age  after  age,  they  have  held  it  to  be  an 
indisputable  troth  that,  whoever  may  be  ostensible  writers  of  the 
Jewish,  Christian,  and  Mohomedan  Scriptures,  God  Himself  is  theii 
real  author;  and,  since  one  of  the  attributes  of  the  Deity  extladeji  tlie 
possibility  of  error  and — ^at  least  in  relation  to  tbis  particular  matter— 
of  willful  deception,  they  have  drawn  the  logical  conclusion  that  the 
denier  of  the  accuracy  of  any  statement,  the  questioner  of  the  binding 
force  of  any  command,  to  be  found  in  these  documents  is  not  merely  a 
fool,  but  a  blasphemer.  From  the  {>oint  of  view  of  mere  reason  be 
grossly  blunders;  from  that  of  religion  he  grievously  sins. 

"Bat  if  this  dogma  of  Rabbinical  invention  is  well  fonnded;  if,  for 
example,  every  word  in  our  Bible  has  been  dictated  by  the  Deity,  at 
even  if  it  be  held  to  be  the  Divine  pnrpose  that  every  proposition 
should  be  understood  by  the  bearer  or  reader  in  the  plain  sense  of  the 
words  employed  (aud  it  seems  impossible  to  reconcile  the  Divine  attri- 
bate  of  truthfulness  with  any  other  intention),  a  serious  strain  upou 
faith  mast  arise.  Moreover,  experience  has  proved  that  the  severity  of 
this  strain  tends  to  increase,  and  in  an  even  more  rapid  ratio,  with  the 
growth  iu  intelligence  of  mankind  and  with  the  enlargement  of  tbe 
sphere  of  assured  knowledge  among  them. 

"It  is  becoming,  if  it  has  not  become,  impossible  for  men  of  clear 
intellect  and  adequate  instruction  to  believe,  and  it  has  ceased,  or  is 
ceasing,  to  be  possible  for  such  men  honestly  to  say  they  believe  that 
tlie  universe  came  into  being  in  the  fashion  described  iu  the  first  chap- 
ter of  Genesis;  or  Co  accept,  as  a  literal  truth,  the  story  of  the  making 
of  woman  with  the  accountof  the  catastrophe  which  followed  hard  upon 
it,  in  the  second  chapter ;  or  to  admit  that  the  earth  was  repeopled  with 
terrestrial  inhabitauts  by  migration  from  Armenia  to  Kurdistan,  little 
more  than  four  thousand  years  ago,  which  is  implied  iu  the  eighth  chap- 
ter; or,  finally,  to  shape  their  conduct  in  accordance  with  the  conviction 
that  the  world  is  haunted  by  innumerable  demons,  who  take  itossession 
of  men  aud  may  be  driven  out  of  them  by  exorcistic  adjoratious,  which 
pervades  the  Gospels." 

So  far  even  Huxley  was  not  in  disagreement  with  some  of  tbe  most 
eminent  and  learned  of  theologians.  Those  of  yuu  who  are  interested 
will  be  able  to  recall  utterances  of  enlightened  clergymen  which  would 
differ  from  Huxley's  only  in  the  absence  of  the  leaven  of  sarcasm  that 
permeates  his  lines.  At  a  late  congress  of  the  Church  of  England, 
held  at  Norwich,  the  reverend  Canon  and  Professor  Bouney  gave  voiit 
to  WQnls  tbat  convey  the  same  ideas  as  Huxley's, 
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"  I  can  not  deny,"  he  said,  "  that  the  increase  of  scientific  knowledge 
has  deprived  parts  of  the  earlier  books  of  the  Bible  of  the  historical 
valne  which  was  generally  attributed  to  them  by  our  forefathers.  The 
story  of  the  creation  in  Genesis,  unless  we  play  fast  and  loose  either 
with  words  or  with  science,  can  not  be  brought  into  harmony  with 
what  we  have  learned  from  geology.  Its  ethnological  statements  are 
imperfect,  if  not  sometimes  inaccurate.  The  stories  of  the  flood  and  of 
the  Tower  of  Babel  are  incredible  la  their  present  form.  Some  histor- 
ical element  may  underlie  many  of  the  traditions  in  the  first  eleven 
chapters  of  that  book,  but  this  we  can  not  hope  to  recover." 

But  Huxley  was  not  content  to  deny  any  authority  to  the  Scriptural 
basis  of  most  of  the  religions  of  Europe  and  America.  He  denied 
that  there  was  any  means  of  knowing  what  the  future  had  in  store. 
He  did  not  deny  that  there  was  a  heaven  or  a  hell;  he  did  not  deny 
that  in  a  future  world  man  might  continue  in  a  sublimated  state,  and 
might  be  punished  for  his  misdeeds  or  rewarded  for  the  good  deeds  he 
had  x)6rformed  and  for  good  thoughts  on  earth.  He  did  not  venture 
to  express  any  opinion  on  the  subject  for  the  reason  that  he  had  no 
data  to  base  an  opinion  upon.  He  called  himself  an  agnostic  and  the 
attitude  he  assumed  was  agnosticism. 

This  term  agnostic,  we  are  told  by  Mr.  E.  H.  Hutton,  was  suggested 
by  Professor  Huxley  at  a  party  held  previous  to  the  formation  of  the 
now  defunct  Metaphysical  Society,  at  Mr.  James  Knowles's  house  on 
Glapham  Common,  one  evening  in  1869,  and  was  suggested  by  St. 
Paul's  mention  of  the  altar  to  the  unknown  God — ^Ayvcocrrcp  Oa(fk 

But  Huxley  has  explained  that  he  assumed  this  term  in  contradis- 
tinction to  the  gnostic  of  old.  The  gnostic  claimed  to  know  what  in 
the  nature  of  things  is  unknowable,  and  as  Huxley  found  himself  with 
an  exactly  opposite  mental  status,  he  coined  a  word  to  express  that 
antithetical  state — agnostic. 

I  have  done  all  I  conceive  to  be  necessary  in  giving  this  statement 
of  Huxley's  attitude.  Whether  he  was  right  or  wrong,  each  one  must 
judge  for  himself  or  herself.  Believing  as  he  did,  on  a  bed  of  pro- 
longed illness  he  resignedly  awaited  the  inevitable,  and  desired  that 
his  sentiments  reflected  in  verse  by  his  wife  should  be  engraved  on  his 
tomb. 

''And  if  there  be  no  meeting  past  the  grave, 
If  all  is  darkness,  silence,  yet  'tis  rest. 
Be  not  afraid,  ye  waiting  hearts  that  weep, 
For  God  'still  giveth  his  beloved  sleep,' 

And  if  an  endless  sleep  he  wills — so  best/' 
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PASTEUR.^ 
By  GEOBaE  M.  Sternberg,  M.  D.,  LL.  D., 

Surgeon-General,  United  States  Army, 


Ladies  and  Gentlemen  :  I  am  to  speak  to  yon  of  the  life  and 
achievemeuts  of  one  who  has  won  imperishable  renown  by  his  valaable 
contributions  to  haman  knowledge,  and  who  has  recently  been  boried 
in  the  city  in  which  his  scientific  labors  have  been  prosecuted,  with  all 
the  honors  which  it  was  possible  for  a  grateful  people  to  confer.  It  is 
certainly  a  happy  augury  for  the  future  when  the  man  of  science,  whose 
achievements  have  been  the  result  of  painstaking  and  laborious  work 
in  the  laboratory,  receives  the  grateful  plaudits  of  his  fellow-men  dur- 
ing his  lifetime  and  the  honors  which  were  formerly  only  paid  to  civil 
potentates  or  military  heroes  when  his  body  is  committed  to  the  tomb. 
It  has  been  the  fortune  of  few  men  to  contribute  so  largely  to  the  sum 
of  useful  knowledge,  and  fewer  still  have  lived  to  receive  such  ample 
recognition  of  the  value  of  their  scientific  work. 

Pasteur's  success  has  been  due  to  a  combination  of  personal  quali- 
ties which  especially  fitted  him  for  the  pioneer  work  which  he  has  done 
in  his  chosen  field  of  scientific  investigation.  With  that  penetrating 
intellect  and  versatility  of  resource  which  constitutes  genius,  was  com- 
bined an  energy  and  persistence  of  purpose,  a  disregard  of  accepted 
theories  not  supported  by  evidence,  and  an  appreciation  of  the  value 
of  the  experimental  method  as  the  only  reliable  means  of  arriving  at 
exact  truth.  No  amount  of  conservative  opposition  intimidated  him 
when  he  announced  results  obtained  by  his  carefully  conducted  labora- 
tory experiments,  and  no  false  pride  seduced  him  into  maintaining  a 
position  which  he  had  once  taken,  if  the  experimental  evidence  was 
against  him.  This  rarely  happened.  But  where  is  the  man  of  science 
who  is  infallible?  Working  in  a  new  field,  by  methods  largely  of  his 
own  devising,  which  were  necessarily  more  or  less  imperfect  at  the 
outset,  it  is  surprising  how  few  mistakes  he  made. 

With  his  genius  for  scientific  research,  his  indomitable  perseverance, 
and  the  forceful  character  which  enabled  him  to  defend  his  discoveries 


1  Memorial  address  delivered  January  14,  1896,  under  the  auspices  of  the  Joint 
Commission  of  the  Scientifio  Societies  of  Washington.  Reprinted  from  Science. 
New  series.  Vol.  lU,  No.  58,  February  7, 1896, 


li 


> 


782  PASTEUR. 


i 


■  I  I 

;  I  . 

I  f 


so  successftQly,  there  must  have  been  associated  a  kindly  disx)osition, 
for  those  who  were  closely  associated  with  him  iu  his  laboratory  work 
were  devotedly  attached  to  him.  He  evidently  had  the  faculty  of 
inspiring  others  with  his  enthusiasm  for  science,  and  their  loyalty  to 
him  and  to  their  common  mistress  was  rewarded  by  the  frank  acknowl- 
edgment on  his  part  of  their  share  in  the  work  accomplished.  So  far 
as  I  am  aware,  he  never  showed  any  disx>osition  to  appropriate  for  hini- 
j  i  self  credit  due  to  another,  whether  that  other  was  an  associate  or  pupil 

in  his  own  laboratory,  or  one  who  was  prosecuting  his  investigations 
elsewhere.  The  speaker's  personal  acquaintance  with  Pasteur  is  limited 
to  a  memorable  half  day  spent  in  his  laboratory  about  ten  years  a^o. 
Although  still  disabled  to  some  extent  by  paralysis,  resulting  from  his 
first  apoplectic  attack,  he  conducted  me  through  his  laboratory  and 
with  the  greatest  kindness  explained  to  me  the  methods  in  use  and  the 
results  recently  accomplished  in  the  lines  of  experimental  work  which 
at  that  time  occupied  the  attention  of  himself  and  his  colleagues. 

The  time  at  my  disposal  will  permit  only  a  brief  review  of  the  life 
and  work  of  this  illustrious  savant;  but  this  review  will  show  that  his 
scientific  achievements  are  of  the  highest  order,  and  that  the  practical 
benefits  resulting  from  his  labors  have  extended  to  all  parts  of  the  civ- 
ilized world.  He  belongs  not  alone  to  France,  but  to  science,  and  it  is 
eminently  fitting  that  we  should  pay  a  tribute  to  his  memory  in  this 
capital  city  of  a  country  in  which  his  name  is  so  well  known  and  io 
which  the  results  of  his  scientific  investigations  are  so  highly  appre- 
ciated. 

Louis  Pasteur  was  born  at  D61e,  a  small  town  in  the  Department  of 
Jura,  France,  on  the  27th  of  December,  1822  j  he  died  at  his  home  in 
Garches,  a  suburb  of  Paris,  on  the  28th  of  September,  1895. 

Pasteur's  father  had  been  a  soldier  in  the  army  of  Napoleon,  but  at 

the  time  of  his  Aimous  son's  birth  was  working  at  his  trade  as  a  tanner. 

In  1825  the  family  moved  to  Arbois,  a  small  town  in  the  same  depart- 

I     i  I  ment,  and  here  Louis  Pasteur  attended  school  at  the  college  communal. 

Later  he  was  sent  to  the  college  at  Besaufon,  where  he  took  liis  degree 
of  Bachelier  des  Lettres.  He  subsequently  entered  the  ficole  Norniale 
of  Paris,  and  while  there  devoted  himself  to  his  favorite  study — c^heiu 
istry.  Three  years  after  joining  the  ficole  Kormale  he  was  apiwinted 
assistant  professor  of  physical  science.  In  1848  he  was  appointed  pro- 
fessor of  i)hysics  at  Dijon,  and  after  a  few  months  resigned  his  i)osi- 
tion  for  the  cliair  of  chemistry  in  the  University  of  Strasburg.  In  1S34 
Pasteur  was  induced  to  accept  the  positionof  deanof  the  newly  created 
Faculty  of  Sciences  at  Lille,  and  in  1857  he  returned  to  Paris  as  scien- 
tific director  of  the  Kiole  Norniale,  where  he  had  gained  his  lirst 
scientific  laurels.  In  18(>2  Pasteur  became  a  member  of  the  Institute, 
and  in  the  same  year  he  was  appointed  professor  of  geolog.y,  ph>  sics,  and 
chemistry  iu  the  T^^cole  des  Beaux  Arts.  He  was  elected  to  the  Acad 
eiuy  of  Sciences,  taking  the  Fauteuil  of  Littre,  in  1881.    The  same  ye;tf 
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he  received  the  Grand  Cross  of  the  Legion  of  Honor.  In  1874  the 
National  Assembly  of  France  voted  him  a  life  pension  of  20,000  francs 
annually.  Upon  the  anniversary  of  his  seventieth  birthday,  Decem- 
ber 27, 1892,  he  received  from  his  compatriots  a  superb  ovation  at  the 
Sorbonne,  which  was  attended  by  President  Carnot,  the  members  of 
the  French  Institute,  all  foreign  ministers  and  ambassadors  then  at  tbe 
French  capital,  and  delegates  from  scientific  societies  in  all  parts  of 
the  world.  The  Pasteur  Institute,  established  in  his  honor,  was  inau- 
gurated with  proper  ceremonies  on  the  14th  of  November,  1888.  It  is 
situated  in  the  rue  Dutot,  Paris,  and  is  an  imposing  stone  building  in 
the  style  of  Louis  XIII.  It  was  built  and  equipped  from  a  fund  raised 
by  public  subscription,  amounting  to  2,586,000  francs.  Of  this  sum 
200,000  francs  was  voted  by  the  French  Chambres  Legislatif.  After 
the  completion  and  equipment  of  the  building  more  than  1,000,000 
francs  remained  as  a  permanent  endowment. 

The  time  at  my  disposal  will  permit  of  but  a  brief  review  of  Pasteur's 
scientific  achievements.  After  having  made  some  notable  discove- 
ries in  chemistry  his  attention  was  attracted  to  the  minute  organisms 
found  in  fermenting  liquids,  and  by  a  brilliant  series  of  experiments  he 
demonstrated  the  fact  that  the  chemical  changes  attending  fermenta- 
tion are  due  to  the  microscopic  plants  known  as  bacteria^  also  that  dif- 
ferent species  give  rise  to  different  kinds  of  fermentation,  as  shown  by 
the  different  products  evolved  during  the  process.  In  prosecuting  these 
studies  he  discovered  the  species  which  produce  lactic  acid,  acetic  acid, 
and  butyric  acid,  and  he  added  largely  to  our  knowledge  relating  to 
alcoholic  fermentation  and  the  class  of  micro-organisms  to  which  it  is  due. 
He  showed  that  in  the  absence  of  living  organisms  no  putrefaction  or 
fermentation  can  occur  in  organic  liquids,  and  that  these  low  organ- 
isms do  not  develop  by  spontaneous  generation,  as  was  at  that  time 
generally  believed,  but  have  their  origin  from  preexisting  cells  of  the 
same  species,  which  are  widely  distributed  in  the  atmosphere,  especi- 
ally near  the  surface  of  the  earth.  Various  experimenters  had  shown 
that  a  development  of  bacteria  sometimes  occurs  in  boiled  organic  liquids 
excluded  from  the  air.  Pasteur  showed  that  this  was  not  due  to  spon- 
taneous generation,  but  to  the  survival  of  the  spores  of  certain  species 
of  bacteria.  These  are  able  to  resist  a  boiling  temperature  without  loss 
of  vitality  and  reproductive  power. 

In  1865  the  distinguished  French  chemist  Dumas  invited  his  former 
pupil,  Pasteur,  to  make  investigations  with  reference  to  the  cause  and 
prevention  of  a  fatal  malady  among  silkworms,  which  threatened  to 
destroy  the  silk  industry  of  France.  In  the  course  of  an  investigation 
which  occupied  several  years,  Pasteur  succeeded  in  demonstrating  the 
nature  of  the  infectious  malady  known  as  pebrine,the  mode  of  its  trans- 
mission, and  the  measures  necessary  to  eradicate  it.  Following  his 
advice  the  growers  of  silkworms  succeeded  in  banishing  the  scourge, 
and  within  a  few  years  the  industry  was  reestablished  ui)on  its  former 
profitable  footing. 
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This  pioneer  work  led  to  further  investigations  with  reference  to  the 
cause  and  prevention  of  certain  infectious  diseases  of  the  lower  animals, 
and  especially  to  the  fatal  disease  of  cattle  and  sheep  known  as  anthrax. 
Having  satisfied  himself  that  this  disease  is  dne  to  a  bacillus,  which  is 
found  in  great  numbers  in  the  blood  of  infected  animals,  he  demon- 
strated by  experiment  that  this  bacillns  rapidly  loses  its  viruleu<«  when 
cultivated  in  artificial  media  at  a  temperature  of  42°  to  43°  C.  Also 
that  animals  inoculated  with  this  "  attenuated  "  virus  suffer  a  mild 
attack  of  the  disease,  and  that  after  their  recovery  tliey  are  immnne 
against  fnture  attacks,  even  when  inoculated  with  the  most  virulent 
material.  This  discovery  has  been  applied  practically,  on  an  extendre 
scale,  in  France,  Austria,  Switzerland,  and  other  Bnru|>ean  countries. 
The  result  of  anthrax  inocniatioiis  made  by  Pasteur's  method  in  France 
during  the  past  twelve  years  was  summarized  by  Chamberland  in  1891. 
ne  reports  the  total  number  of  animals  inoculated  during  this  period 
as  1,788,677  sheep,  and  200,962  cattle,  and  estimates  the  total  saving 
as  the  result  of  the  inocniations  as  5,000,000  Irancs  for  sheep  and 
2,000,000  francs  for  cattle. 

Another  infectious  disease  in  which  Pasteur's  method  has  been 
employed  with  snccess  is  roaget  or  hog  erysipelas.  Chamberland  states 
that  as  a  result  of  the  protective  inoculations  practiced  with  Pasteur's 
vaccines  the  mortality  from  this  disease  in  France  has  been  reduced 
from  about  20  to  1.45  per  cent.  Hntyra  reports  that  during  a  single 
year  (1889)  48,637  pigs  were  inoculated  with  Pasteur's  vaccines  in 
Hungary  with  a  loss  of  0.29  per  cent,  while  the  losses  upon  the  sune 
&rm3  in  previous  years  averaged  from  10  to  30  per  cent. 

But  we  must  pass  to  that  portiou  of  Pasteur's  scientiflo  work  wbicli 
has  most  engaged  the  attention  of  the  public.  Pasteur  first  annonnc«d 
his  success  in  reprodneing  hydrophobia  in  susceptible  animals  by  inocu- 
lations of  material  obtained  irom  the  central  nervous  system  in  a  com- 
munication made  to  the  Academy  of  Sciences  on  May  30,  1880.  Con- 
tinuing his  investigations  he  reported,  in  1884,  his  success  in  conferrinf 
immunity  against  hydrophobia  in  nineteen  dogs  inoculated,  in  tlie  pres- 
ence of  a  commission  appointed  for  the  purpose,  as  a  test  experiment. 
These  animals  had  been  rendered  refractory  by  his  method.  The  nine- 
teen protected  animals  and  nineteen  control  animals  obtained  from  the 
public  pound  without  any  selection  were  tested  at  the  same  time.  Tlie 
test  was  made  upon  some  of  the  animals  of  both  series  by  inoculation 
with  virulent  material  upon  the  surfa^ie  of  the  brain,  and  upon  others 
by  allowing  them  to  be  bitten  by  rabid  dogs,  and  upon  stiU  others  by 
intravenous  inoculations.  Not  one  of  the  protected  animaU  developed 
hydrophobia;  on  the  other  band,  three  of  the  control  animals  ontor 
six  bitten  by  a  mad  dog  developed  the  disease,  five  out  of  seven  wliich 
received  intravenons  inoculations  died  of  rabies,  and  five  which  woe 
trephined  and  inoculated  on  the  surface  of  the  brain  died  of  the  suae 
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With  reference  to  his  first  inocnlatioDs  in  man,  Pasteur  says: 

<^  Making  use  of  this  method,  I  had  already  made  fifty  dogs  of  various 
races  and  ages  immune  to  rabies,  and  had  not  met  with  a  single  failure, 
when,  on  the  6th  of  July,  quite  unexpectedly,  three  persons,  residents 
of  Alsace,  presented  themselves  at  my  laboratory.'' 

These  persons  were  Theodore  Tone,  who  had  been  bitten  on  the  arm 
on  July  4,  Joseph  Meister,  aged  9,  bitten  on  the  same  day  by  the  same 
rabid  dog,  and  the  mother  of  Meister,  who  had  not  been  bitten.  The 
child  had  been  thrown  down  by  the  dog  and  bitten  upon  the  hand,  the 
legs,  and  the  thighs,  in  all  in  fourteen  different  places.  Pasteur  com- 
menced the  treatment  at  once,  and  had  the  satisfaction  of  reporting  to 
the  Academy  of  Sciences  in  March  of  the  following  year  (1886)  that  the 
boy  remained  in  perfect  health.  Since  this  time  Pasteur  institutes  for 
the  treatment  of  hydrophobia  have  been  established  in  all  parts  of  the 
civilized  world,  and  the  statistical  reports  published  justify  the  belief 
that  when  the  treatment  is  instituted  at  an  early  date  after  the  bite, 
and  is  properly  carried  out,  its  protective  value  is  almost  absolute.  At 
the  Pasteur  Institute  in  Paris,  9,433  persons  were  treated  during  the 
years  1886  to  1890,  inclusive.  The  total  mortality  from  hydrophobia 
among  those  treated  was  considerably  less  than  1  per  cent  (0.61).  In 
1890, 416  persons  were  treated  who  had  been  bitten  by  animals  proved 
to  be  rabid,  and  among  these  there  was  not  a  single  death.  In  1891 
the  number  of  inoculations  was  1,539,  with  a  mortality  of  0.25  per  cent; 
in  1892, 1,790,  with  a  mortality  of  0.22  per  cent;  in  1893, 1,648,  with  a 
mortality  of  0.36  per  cent;  in  1894, 1,387,  with  a  mortality  of  0.50  per 
cent. 

There  has  been  and  is  still  a  considerable  amount  of  skepticism  among 
members  of  the  medical  profession  and  others  as  to  tbe  practical 
value  of  Pasteur's  inoculations  for  the  prevention  of  hydrophobia; 
and  some  physicians  have  even  contended  that  the  disease  known  by 
this  name  is  not  the  result  of  infection  from  the  bite  of  a  rabid  animal, 
but  is  a  nervous  affection  due  to  fear.  Tbe  time  at  my  disposal  will 
not  permit  me  to  present  for  your  consideration  the  experimental  and 
clinical  evidence  upon  which  I  base  the  assertion  that  nothing  in  the 
domain  of  science  is  more  thoroughly  demonstrated  than  the  fact  that 
there  is  a  specific  infectious  disease  known  to  us  as  rabies,  or  hydro- 
phobia, which  may  be  communicated  to  man,  or  irom  one  animal  to 
another,  by  the  bite  of  a  rabid  animal,  and  that  Pasteur's  inoculations 
prevent  the  development  of  the  disease  in  animals  which  have  been 
infected  by  the  bite  of  a  rabid  animal  or  by  inoculations  with  infectious 
material  from  the  central  nervous  system.  This  being  the  case,  it  is 
evident  that  there  is  a  scientific  basis  for  Pasteur's  method  of  pro- 
phylaxis as  applied  to  man,  and  his  published  statistics  give  ample 
evidence  of  the  success  of  the  method  as  carried  out  at  the  Pasteur 
Institute  in  Paris  and  elsewhere.  Great  as  have  been  the  practical 
results  which  have  already  followed  Pasteur's  brilliant  diacox^YV^*^ 
SM96— ~50 
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tbere  is  reaBon  to  believe  that  iii  the  future  still  more  will  be  accom- 
pliahed,  especially  in  combating  the  iufectioas  diseases  of  man.  Hav- 
ing pointed  ont  the  way,  a  multitude  of  earnest  investigators  in  vartoas 
parts  of  the  world  are  now  engaged  in  laborat^iry  researches  relating 
to  the  cause,  prevention,  and  cure  of  infectious  diseases.  Already,  in 
the  treatment  of  diphtheria  and  of  tetanus  with  blood  serum  obtjiined 
IVom  immune  animals,  results  have  been  obtained  of  the  highest  imi>or- 
tance,  and  it  seems  probable  that  in  the  near  future  other  infections 
diseases  will  be  cured  by  a  specitic  treatment  based  njxin  scientific 
information  obtained  by  those  who  have  been  following  in  the  pathway 
marked  oat  by  Pasteur,  the  illustrious  pioneer  in  this  line  of  research. 
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By  T.  0.  Mendenhall. 


Hermann  Ludwig  Ferdiiiaud,  Baron  von  Helmholtz,  was  bom  in  Pots- 
dam on  August  31, 1821.  In  1842  he  received  his  degree  in  medicine  at 
Berlin,  and  entered  the  Government  service  as  an  army  surgeon.  In 
1847  he  published  his  essay  on  the  Conservation  of  Energy.  In  1849 
he  was  appointed  professor  of  physiology  at  Bonn.  In  1851  he  invented 
the  ophthalmoscope.  In  1855  he  was  made  professor  of  anatomy  and 
physiology  at  Bonn.  In  1859  he  was  appointed  to  the  same  chair  at 
Heidelberg.  In  18G0  he  was  made  one  of  the  foreign  members  of  the 
Boyal  Society  of  London.  In  1863  he  published  his  great  work  on  the 
Sensations  of  Tone.  In  1866  the  first  edition  of  his  Physiological 
Optics  was  completed.  In  1871  he  was  made  professor  of  natural 
philosophy  at  the  University  of  Berlin.  In  1873  he  received  from  the 
Boyal  Society  the  highest  distinction  which  it  can  bestow,  the  Oopley^ 
Medal;  and  in  the  same  year  the  King  of  Prussia  conferred  upon  him 
the  Order  of  Merit  in  Science  and  Art.  In  1883  hereditary  nobility 
was  conferred  upon  him  by  Emperor  William  I.  In  1887  he  assumed 
the  directorship  of  the  great  Physico-Technical  Institute,  founded  by 
the  German  Government  at  Charlottenberg.  In  1891  the  seventieth 
anniversary  of  his  birth  was  celebrated  with  great  ceremony,  and  he 
was  placed  at  the  head  of  the  civil  list  by  the  German  Emperor.  In 
1893  he  visited  America,  serving  as  president  of  the  International 
Electrical  Congress  held  in  Chicago.  In  1894,  on  September  8,  he 
died  at  the  age  of  73  years. 

Such  is  the  brief  outline  of  the  life  of  one  of  the  most  extraordinary 
men  of  the  present  century.  To  perfect  such  a  sketch  in  anything  like 
just  proportions,  or  to  attempt  in  the  few  minutes  allotted  to  me  to- 
night to  set  forth  anything  like  a  fair  estimate  of  the  labors  of  one  of 
whom  it  may  be  justly  said  that  he  was  the  most  accomplished  scholar 
of  modern  times,  is  a  task  no  one  would  seek.  Nor  can  one  easily 
decline  the  honor  which  is  carried  by  an  invitation  from  a  commission 
representing  the  scientific  societies  of  Washington  to  take  part  in  so 
memorable  a  commemoration  as  this.    Under  the  circumstances,  I  must 
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confine  myself  to  an  exposition,  all  too  brief,  of  a  few  only  of  tbe  prin- 
cipal contributions  to  human  knowledge  among  the  great  number  for 
which  the  world  is  indebted  to  Professor  Helmholtz.  It  was  his  dis- 
tinctive characteristic  that  among  the  exponents  of  modem  science  he 
stood  quite  alone  in  being  really  great  along  several  lines.  He  was  in 
the  beginning  and  always  a  pure  mathematician  of  high  type.  Anato- 
mists and  physiologists  claimed  him  for  their  own.  During  a  few  days- 
stay  in  New  York  in  1893,  after  having  presided  over  the  International 
Congress  of  Electiicians,  he  was  entertained  by  a  distinguished  sur- 
geon, the  leading  eye  specialist  of  the  country,  and  ophthalmologists 
flocked  to  do  him  honor  as  one  of  the  founders  of  their  profession. 
When,  in  1881,  he  gave  the  Faraday  lecture  before  the  Chemical  Society 
of  London,  the  president  of  the  society  in  presenting  to  him  the  Faraday 
Medal,  declared  that  eminent  as  was  Helmholtz  as  an  anatomist^  a 
physiologist,  a  physicist,  and  a  mathematician,  he  was  distinctly 
claimed  by  the  chemists.  Kor  were  these  only  idle  compliments.  Only 
a  few  days  ago  I  happened  on  a  most  curious  and  interesting  illustra- 
tion of  the  unequaled  extent  of  his  scientific  constituency  in  finding, 
in  a  widely  known  journal  published  in  London,  his  obituary  notice 
indexed  under  the  heading,  ^^The  stage  and  music,"  where  his  name 
appeared  accompanied  by  only  that  of  Anton  Eubenstein.  His  great 
work  on  the  Sensations  of  Tone  and  his  analysis  of  the  vowel  sounds 
of  the  human  voice  gave  him  a  lasting  fame  among  musicians. 

Psychology  as  well  as  aesthetics  was  benefited  by  his  touch,  but  I 
think  it  will  be  generally  admitted  that  he  was  first  of  all,  and  more 
than  all  else,  a  physicist.  Indeed,  it  may  be  said  that  the  best  finits  of 
his  study  of  other  branches  of  science  grew  out  of  the  skill  with  which 
he  ingrafted  upon  them  the  methods  of  investigation  for  which  we  are 
primarily  indebted  to  the  physicist. 

When  a  boy  he  had  acquired  a  fondness  for  the  study  of  nature.  His 
father  was  a  professor  of  literature  in  the  gymnasium  at  Potsdam;  his 
mother  a  woman  of  English  descent.  Although  he  was  encouraged  in 
the  development  of  his  youthful  tastes  as  much  as  possible,  the  neces- 
sity for  earning  a  living  directed  his  professional  studies  toward  medi- 
cine and  he  became  a  military  surgeon.  As  a  physiologist,  he  was  led 
to  the  study  of '^ vital  force;"  his  taste  for  mathematics  and  physics 
forced  him  to  the  dynamical  point  of  view,  and  his  first  great  paper, 
prepared  before  he  was  26  years  of  age,  was  on  the  Conservation  of 
Energy.  It  is  now  nearly  fifty  years  since  this  essay  was  presented  to 
the  Physical  Society  of  Berlin,  and  doubtless  quite  fifty  years  since  it 
was  actually  worked  out.  Its  excellence  is  shown  by  the  fact  that  if 
rewritten  to-day  it  would  be  changed  only  a  little  in  its  nomenclature. 
Fifty  years  ago  the  great  law  of  the  conservation  of  energy,  which  will 
ever  be  regarded  as  the  most  pregnant  and  far-reaching  generaliza- 
tion of  this  century,  was  so  far  firom  being  known  or  recognized  that 
many  of  the  abl^^t)  meiv  ot  t^vie^  time  either  regarded  it  as  a  '^  fiandfiil 
speculation.'' — ot  d\^  noX.  T^%'ai\^*\\»  ^X*  ^iJ^^ 
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As  a  matter  of  ordinary  mechanics^  it  had  long  been  admitted  that 
no  machine  could  create  power,  and  as  a  part  of  that  applied  was 
always  lost  or  frittered  away  in  frictioQ  the  work  coming  out  of  a 
machine  most  always  be  less  than  that  put  into  it.  The  first  great 
advance  had  been  made  by  an  American,  Benjamin  Thompson,  after- 
wards Count  Eumford,  when  he  asked  what  became  of  that  part  lost 
in  friction  and  found  his  answer  in  the  heat  generated  thereby,  thus 
proving  that  ^^heat  was  a  mode  of  motion"  rather  than  an  ^imponder- 
able agent,"  as  it  was  rather  ambiguously  designated  up  to  nearly  the 
middle  of  this  century,  but  that  all  of  the  forces  of  nature  were  so 
related  to  each  other  as  to  be  interconvertible,  and  that  the  sum  total 
of  all  the  energies  of  the  universe  was  always  the  same,  energy  being 
no  more  capable  of  creation  or  destruction  than  matter;  these  were 
great  facts,  mere  glimpses  of  which  had  been  permitted  to  the  physi- 
cists of  the  early  part  of  the  century.  Helmholtz  was  certainly  one  of 
the  first  to  completely  grasp  this  splendid  generalization,  and  not  more 
than  two  or  three  others  stand  with  him  in  the  credit  which  is  due  for 
its  complete  proof  and  general  acceptance.  His  first  contribution  had 
the  merit  of  being  quite  original  in  conception  and  execution,  for  he 
then  knew  almost  nothing  of  what  others  had  done;  he  was  entirely 
ignorant  of  the  important  paper  of  his  fellow-countryman,  Mayer,  and 
knew  only  a  little  of  Joule's  earlier  work.  The  principle  of  the  con- 
servation of  energy,  which  for  a  quarter  of  a  century  has  been  the 
open  sesame  to  every  important  advance  in  physical  science,  was  not 
then,  to  say  the  least,  a  popular  topic.  But  for  five  or  six  years 
a  young  Englishman  named  Joule,  not  yet  30  years  old,  had  been 
engaged  with  it  and,  from  the  point  of  view  of  the  engineer,  had  made 
it  his  own.  On  the  28th  of  April,  1847,  he  gave  a  popular  lecture  in 
Manchester,  where  he  lived  and  died,  which  was  the  first  full  exposi- 
tion of  the  theory.  A  few  weeks  later  Helmholtz  read  his  paper  in 
Berlin.  In  England,  even  the  local  press  refused  to  publish  Joule's 
address,  but  finally  the  Manchester  Courier,  moved  by  the  family  influ- 
ence (the  elder  Joule  being  a  wealthy  brewer),  promised  to  insert  the 
whole  as  a  special  favor.  In  Germany  the  subject  met  with  only  a 
little  more  favorable  reception,  and  the  leading  scientific  journal,  Pog- 
gendorff'^s  Annalen,  declined  to  publish  Helmholtz's  paper.  Even  at 
the  meeting  of  the  British  Association  at  Oxford  a  few  months  after 
the  Manchester  address,  when  Joule  again  undertook  the  exposition 
of  his  theory  and  his  experimental  proofs  of  it  before  what  ought  to 
have  been  a  more  friendly  audience,  he  was  advised  by  the  chairman 
to  be  brief,  and  no  discussion  of  his  paper  was  invited.  As  Joule  him- 
self relates,  his  presentation  of  the  subject  would  have  again  proved  a 
failure  "if  a  young  man  had  not  risen  in  the  section  and  by  his  intelli- 
gent observations  created  a  lively  interest  in  the  new  theory."  This 
young  man  was  William  Thomson,  then  23  years  old,  now  Lord  Kelvin, 
the  foremost  of  living  physicists. 

The  tremendous  blows  struck  by  Helmholtz.  m  %\slv\vw\.  oil  >iX^^  ^^'^ 
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doctrine,  from  that  time  until  it  wn8  no  longer  in  the  balance,  give  evi- 
denco  alike  of  his  extraordinary  talents  and  his  fine  <;ourage.  The 
pnblication  of  this  important  essay  in  1S47  had  also  the  effect  of  bring- 
iiig  aboutanimmediateapiireciationof  bisniniities.  DaBoi»-l£eymoDd 
gave  a  copy  of  it  to  Tj'ndall,  then  a  student  of  Magnus  in  Berlin,  say- 
ing that  it  was  the  product  of  the  first  head  in  Europe.  lie  was  shortly 
removed  to  the  more  favorable  environment  of  a  university  professor- 
ship at  Konigsbarg,  During  the  next  twenty  years  he  advanced  from 
Konigsburg  to  Bonn,  from  Bonn  to  Heidelberg  and  from  Heidelbttrg  to 
Berlin,  While  it  was  only  on  reaching  the  University  of  Berlin  that 
he  assumed  bis  true  function  of  professor  of  physics,  yet  tlie  previoos 
two  decades  had  been  rich  iu  the  application  of  physical  methods  to 
physiological  subjects. 

In  1863  be  published  the  remarkable  monograph  on  the  Sensations 
of  Tone.  This  work  is  a  most  masterly  analynis  of  the  whole  subject 
implied  in  its  title  and  must  always  remain  a  classic.  Only  one  or  two 
of  the  most  important  results  of  the  profound  researches  of  the  author 
can  be  referred  to  here.  As  everjone  knows,  tlie  character  of  a  musi- 
cal tone  is  threefold.  There  is  first  its  pitch,  which  has  long  been 
known  to  depend  upon  the  frequency  of  vibration  of  the  string  or  reed, 
or  whatever  gives  rise  tu  the  sound ;  there  is  next  the  loudness,  which 
depends  upon  the  amplitude  of  this  variation,  or,  iu  a  general  way,  on 
the  energy  expended  by  the  vibrating  body.  But  two  tones  may  agr« 
in  pitch  and  in  loudness  and  still  produce  very  difierent  impressions  od 
the  ear.  It  is  this  which  makes  it  x>o8sible  to  know  when  a  masical 
tone  Is  beard  that  it  comes  from  an  organ,  or  a  Ante,  or  the  human 
voice..  It  enables  an  expert  to  know  on  hearing  a  single  note  from  a 
violin  that  the  instrument  was  made  in  a  given  year  by  a  certain  artfst; 
by  virtue  of  this  characteristic  one  instantly  recognizes  a  voice  which 
one  has  not  heard  for  many  years  as  belonging  to  a  particular  indi- 
vidual. 

So  little  was  known  of  the  physical  cause  of  this  inherent  peculiarity 
of  a  sonnd  that  for  many  years  it  went  unnamed.  Helmboltz  called  it 
the  "Klangfarbe:"  literally,  "tone  color;"  but  in  English  the  term 
"quality  "is  now  universally  applied  to  it.  What  is  t)ie  physical  canse 
of  the  qnality  of  a  tone  is  the  question  the  answer  to  which  be  sought. 
All  that  there  is  in  a  tone,  he  said — pitch,  intensity,  and  quality — most 
be  borne  ujwn  the  air  waves  by  which  the  sound  is  communicated  to 
the  ear,  and  all  that  these  waves  bear  must  be  itnpressed  niK>n  them  by 
the  vibrating  body  in  which  the  sound  originates.  He  did  not  fail  to 
recognize,  however,  and  this  was  extremely  im{>ortant,  tliat  there  might 
exist  peculiarities  in  the  receiving  instrument,  the  ear  (through  the 
operation  of  whose  mechanism  the  motion  of  matter  is  interpreted  as  a 
sensation),  the  existence  of  which  would  materially  modify  the  final 
outcome,  to  the  end  thattwo  physically  identical  tones  might  give  rise, 
under  certaia  tiTftUTne,\a'Qiie,^,\.o  AvfCctout  sensations,  fluided  by  these 
priuciplea,  lio  discovexfcA  ft\«A  >i\vfe  ^\vv\^\\^-  vA  ;i.\K\ife,'i\\%.s.'.^-M»«taristic 
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which  gives  charm  to  it,  was  really  due  to  its  impurity;  that  if  two 
perfectly  pure  tones,  generated  by  simple,  pendular  vibrations,  agreed 
in  pitch  and  loudness,  it  would  be  quite  impossible  to  distinguish  them. 
But  practically,  such  tones  are  never  produced ;  all  ordinary  tones  are 
composite,  made  up  of  the  fundamental,  which  generally  fixes  the 
nominal  pitch  of  the  whole,  and  a  series,  more  or  less  complete  and 
extended,  of  overtures  or  harmonics,  the  vibration  frequencies  of  which 
are  two,  three,  four  or  some  otlier  multiple  of  that  of  the  fundamental. 
Without  these,  the  fundamental,  though  pure,  was  plain,  dull,  and 
insipid;  with  them  it  formed  a  composite  with  quality,  soft  it  may  be, 
or  brilliant,  or  rich,  or  harsh,  or  any  of  the  thousand  things  which  may 
be  said  of  a  tone.  Which  it  was  and  what  it  was,  was  determined  by 
the  relative  proportions  of  the  several  overtones,  indefinite  in  number, 
in  the  composite  whole.  This  beautiful  hypothesis  was  illustrated  and 
established  by  innumerable  experiments,  and  it  was  proved  that  the 
form  of  the  air  wave  was  the  quality  of  the  tone,  and  that  this  form 
originated  in  the  mode  of  vibration  of  the  sounding  body,  which  was 
almost  universally  not  simple,  but  complex.  But  the  most  important 
work  of  Helmholtz  along  this  line  was  the  extension  of  this  theory  to 
the  solution  of  a  problem  more  than  two  thousand  years  old,  proposed, 
in  fact,  by  the  Greek,  Pythagoras.  It  meant  nothing  less  than  the 
physical  explanation  of  harmony.  Why  are  certain  combinations  of 
musical  tones  agreeable  and  others  unpleasant  t  And,  indeed,  the 
answer  to  this  tells  as  well  why  a  certain  succession  of  tones,  as  in  a 
musical  scale,  is  likely  to  be  generally  acceptable  to  the  human  ear. 
Lack  of  time  will  only  permit  me  to  say  that  in  the  interference  and 
consequent  beating  of  certain  of  the  overtones  or  upper  partials  of 
two  fundamentals,  Helmholtz  found  the  explanation  of  their  dissonance, 
and  that  while  in  certain  particulars  his  theory  as  originally  published 
has  been  criticised,  it  is  in  general  universally  accepted  and  admitted 
to  be  one  of  the  most  splendid  contributions  to  modern  science. 

I  am  warned,  also,  that  I  must  not  speak  of  that  other  great  work, 
the  Physiological  Optics,  as  I  would  so  gladly  do  if  time  permitted. 
Helmholtz  was  actually  engaged  in  the  preparation  of  this  and  the 
Sensations  of  Tone  during  the  same  years.  No  other  man  in  the  world 
could  have  written  these,  for  no  other  was  at  once  an  accomplished 
physiologist,  mathematician,  jind  physicist.  While  I  can  not  speak  of 
his  contributions  to  the  science  of  optics  and  ophthalmology,  I  must  not 
omit  brief  reference  to  his  invention  of  the  ophthalmoscope  and  the 
ophthalmometer.  Anxious  to  actually  see  what  goes  on  in  the  eye,  and 
especially  on  the  retina,  that  wonderful  screen  on  which  the  image  of 
the  visible  world  is  focused,he  invented  the  ophthalmoscope.  Tlie  qual- 
itative victory  was  followed  by  the  quantitative  in  the  invention  of  the 
ophthalmometer,  by  means  of  which  accurate  measurements  of  the 
various  curved  surfaces  in  the  eye  could  be  made.  These  two  instru- 
ments have  been  to  ophthalmic  surgery  what  the  telescope  and  gradu- 
ated circle  have  been  to  astronomy.    So  exact  has  the  science  of  t\u^ 
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eye  become  throngh  their  use  that  it  is  not  great  exaggeration  to  say 
tlaat  one  may  now  have  a  disordered  eye  repaired,  corrected,  and  set 
going  with  little  more  uncertainty  thaa attends  the  performance  of  the 
same  duty  for  an  ill-conditioned  chronometer.  Had  Helmboltz  accom- 
plished nothing  except  the  invention  of  these  instruments,  be  would 
have  been  entitled  to  the  thanks  of  all  mankind,  on  account  of  the 
comfort  they  have  added  to  life  and  the  pain  and  suffering  they  have 
prevented. 

If  I  had  devoted  all  of  the  time  allotted  to  me  to  a  simple  enumera- 
tion of  the  contributions  to  human  knowledge  made  by  Yon  Helmboltz 
during  fifty  years  of  marvelous  intellectual  activity,  I  must  have  left 
my  task  incomplete;  but  I  must  not  close  without  reference  to  one  or 
two  of  these,  more  purely  physical  in  their  character  and  equally 
stamped  with  the  genius  of  their  author. 

Perhaps  ligature  has  shown  herself  most  reticent  and  unyielding  when 
scientific  men  have  questioned  her  as  to  the  ultimate  structure  of  mat- 
ter, the  full  knowledge  of  which  includes  a  satisfactory  explanation  of 
the  force  of  gravity,  which  is  one  of  its  essential  properties.  Hypoth- 
eses which  have  been  very  useful  in  their  time  have  been  finally  rejected 
because  they  involved  some  impossible  conception,  such  as  action  at  a 
distance,  which  was  for  a  long  time  believed  possible.  The  tendency  is 
now  and  has  long  been  to  regard  space,  or  at  least  that  part  of  it  in  which 
we  have  any  particular  interest,  as  a  plenum,  and  to  assume  a  contiua- 
ous,  incompressible,  frictionless  elastic  fluid  in  which  and  of  which  all 
things  are.  In  the  development  of  his  exquisite  theory  of  vortex  mo- 
tion, Helmboltz  demonstrated  the  possibility  of  a  portion  of  such  a 
fluid  being  differentiated  from  the  rest  in  virtue  of  a  peculiar  motion 
impressed  ux)on  it,  and  that  \  hen  so  differentiated  it  must  forever 
remain  so,  a  fact  which  was  quickly  seized  upon  by  Lord  Kelvin  as  the 
foundation  of  a  vortex  theory  of  matter,  thus  sharing  with  Helmholtz 
the  honor  of  having  approached  nearer  than  all  others  to  the  solution 
of  the  great  mystery. 

From  the  genesis  of  an  atom  to  the  origin  of  the  universe  seems  a 
long  step,  but  it  is  not  too  great  for  the  inteUect  of  man.  The  well- 
known  nebular  hypothesis  was  advanced  long  before  Helmholtz's  time, 
but  a  better  knowledge  of  thermodynamics  had  quite  upset  one  of  its 
generally  accepted  principles,  namely,  that  the  original  nebulous  matter 
was  fiery  hot.  As  long  ago  as  1854,  Helmholtz  showed  that  this  was  not 
a  necessary  assumption,  and  proved  that  mutual  gravitation  between 
the  parts  of  the  sun  might  have  generated  the  heat  to  which  its  pres- 
ent high  temperature  is  due.  The  greatest  philosophers  of  the  pasi 
hundred  years  have  attempted  to  account  for  this  high  temperature 
and  for  its  maintenance,  on  which  all  life  on  this  globe  dei>ends.  The 
simple  dynamical  theory  of  Helmholtz  has  survived  all  others,  and  is 
to-day  universally  accepted. 

But  I  must  cut  ^hort  this  absolutely  inadequate  account  of  what  the 
scholar  didj  tliat  1  m«Y  ^^^  ^  ^w^  ort  x^^^^jfl  ^\5a»t  the  man  was. 
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Alfhoagh  one  of  the  most  modest  and  qniet  of  men,  no  one  conld  meet 
him  without  feeling  the  charm  of  his  personality.  While  he  bore 
a  dignity  which  became  the  great  master  of  science  which  he  was 
everywhere  admitted  to  be,  he  was  approachable  in  an  extraordinary 
degree.  He  was  eloquent  in  popular  address  and  believed  in  the  obli- 
gations of  men  of  science  to  the  general  public.  In  scientific  discussion, 
whether  on  his  feet  or  with  pen  in  hand,  there  was  a  certain  massive- 
ness  about  his  style  and  manner  which  was  generally  irresistible.  In 
his  attacks  upon  the  region  of  the  unknown  he  showed  possibly  less 
brilliant  strategy  than  one  or  two  of  his  contemporaries,  but  he  rarely, 
if  ever,  found  himself  obliged  to  conduct  a  retreat.  In  1893  he  was 
selected  by  the  Emperor  as  the  head  of  the  Oerman  delegation,  five  in 
number,  to  the  Interuational  Electrical  Congress  held  in  Chicago  in 
August  of  that  year.  His  more  than  three  score  and  ten  years  weighed 
upon  him,  and  he  begged  to  be  relieved  of  the  duty.  The  young  Kaiser, 
who  was  fond  of  him  and  who  loved  to  honor  him  in  every  way,  sent  for 
him.  On  hearing  his  modest  plea,  he  said,  ^^Helmholtz,  you  must  go; 
I  want  the  Americans  to  see  the  best  I  have  of  every  kind,  and  you  are 
our  greatest  and  best  man."  As  becomes  a  dutiful  subject  he  yielded. 
While  in  this  country  every  honor  was  shown  him.  Here  he  found 
many  of  the  hundreds  and  thousands  of  his  pupils  who  everywhere  in 
the  world  are  adding  luster  to  his  name  by  perpetuating  his  spirit  and 
his  methods,  and  all  were  ready  to  serve  him.  Electrician,  mathema- 
tician, physiologist  and  physicist,  he  found  everywhere  a  large  and 
appreciative  constituency,  while  his  own  almost  boyish  pleasure  in 
whatever  he  saw  that  was  novel,  was  charming  to  see. 

On  his  homeward  voyage  he  met  with  an  accident  which  was  thought 
by  many  to  be  the  beginning  of  the  end.  Up  to  the  time  of  his  death, 
which  occurred  about  a  year  later,  he  continued,  but  not  very  actively, 
to  direct  the  great  institution  for  original  research,  in  which,  by  the 
wisdom  of  an  appreciative  Oovernment,  he  had  found  full  scope  for  his 
X)Ower8.  His  interest  in  the  important  work  done  at  the  Chicago  Con- 
gress continued  through  this  year,  and  one  of  the  few  long  letters  he 
wrote  had  reference  to  its  proceedings.  On  the  8th  of  Sei)tember,  1894, 
he  died,  and  on  the  13th  he  was.  buried  at  Charlottenberg,  princes  and 
peasants  alike  mourning  his  loss. 

Yon  Helmholtz  occupied  so  large  a  part  of  the  scientific  horizon  and 
for  so  long  a  time  that  we  have  not  yet  become  accustomed  to  his 
absence.  But  it  is  not  too  soon  to  agree  that  the  following  admirable 
lines  which  appeared  in  the  London  Punch  a  little  more  than  a  year 
ago  express  in  some  measure  our  judgment  of  the  man  and  his  work: 

"  What  matter  titles  f    Helmholtz  is  a  name 
That  challenges  alone  the  award  of  fame ! 
When  Emperors,  Kings,  Pretenders,  shadows  all, 
Leave  not  a  dnst-trace  on  our  whirling  ball, 
Thy  work,  oh  grave-eyed  searcher,  shall  endure, 
Unmarred  by  faction,  from  low  passion  pure«'' 
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